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THE FIRST 50 YEARS OF THE 20TH CENTURY WITNESSED THE IN- 
VENTION OF THE INTERNAL COMBUSTION ENGINE, WHICH GREATLY 
EXTENDED THE PHYSICAL STRENGTH OF THE HUMAN BODY 

IN THE 2ND HALF OF THE CENTURY, THE BIRTH OF THE MICROPOR- 
CESSOR FURTHER EXTENDED OUR MENTAL STRENGTH. APPLICA- 
TIONS OF THIS AMAZING PRODUCT IN VARIOUS INDUSTRIES HAVE 
INTRODUCED SO MUCH IMPACT ON OUR LIFE, HENCE, IT IS CALLED 
THE SECOND INDUSTRIAL REVOLUTION. 


CONGRATULATIONS! 


Your Mi cro-Prof essor will lead you to the world of microprocessor. 
Unpacking the MPF-I, you will have found the Micro-Professor , an 
adaptor, and a manual. The standard configuration of your MPF- 1 
includes one MPF-I microcomputer set, two pieces of built-in male 
header, one unit of book-type package, one AC-DC adaptor, and a copy 
of User’s and Experimental Manual. 

In addition to those standard items, three options are for your 
function expansion which you can buy from local distributor choice: 

1) SSB-MPF, which is a speech synthesizer board based on Texas 
Instruments’ TMS5200/5220, and which can reproduce sound and 
voices stored in its memory, 

2) EPB-MPF, which is an EPROM programmer board . for TMS2508, TMS2516, 
TMS2532 , Intel 2578, Intel 2716, and Intel 2732. 

3) BASIC-MPF, which is a 2K byte tiny BASIC interpreter. 

Still, there are some accessories for your choice. You can select 

1) SSB-CPK, Z80-CTC (counter and timer) and Z80-PIO (parallel I/O) 
chip kit. 

2) MPF-BBD , 1.42 1 ' x 3.i5 ,r breadboard. 

3) MPF-2KRAM, 2K x 8 RAM 6116, 58725 or others in function equivalent 

4) MPF-2KR0M , blank 2K bytes EPROM TMS2516, 12716 or equivalent. 

5) MPF-4KR0M , blank 4K bytes EPROM TMS2532, 12732 or equivalent. 

Notes: I. When your MPF-I is in use, the power regulator 7805, which 
is installed in the upper right corner of the MPF-I, may 
heat up. A temperature of 70 C is normal. Just keep your 
hands off the power regulator. 

II. Cassettee interface: 

1. Use high quality audio tape and tape recorder. 

2. When read data from cassette, the volume switch 

of your tape recorder should be turned to it‘s maximum. 

3. In case you have problems using your cassette recorder 
for data storage or retrival properly, the battery of 
cassette recorder may run out of power. Change with 
new batteries. 

If any problem occurs while you use our MPF-I, we wish you to contact 
us or your local dealers immediately. 


NOTE TO USER 


This manual is not meant to serve as an introduction 
to computer programming; the reader is supposed to 
have had some previous experience on microcomputer 
and microprocessor. The reader without any previous 
background on basic concept of computer is suggested 
to refer M An Introduction to Microcomputers Volume 
0 the Beginner's Book" by Adam Osborne, Osborne and 
Associates Inc. before he starts reading this manual. 
The reader is also suggested to refer textbook on 
Z-80 assembly programming such as "280 - Assembly 
Language Programming Manual" published by Zilog Inc. 


mnnuflL update 


In order to improve the functions and memory capacity of the MJPF* 1 
I, we have changed the design of the MPF- L I slightly. The changes 
are as follows: 

The ROM chip, mounted at board location (J6, was upgraded to 2764 
whose memory space is from 0000H to 17FFH. Previously, the ROM 
was 2732 with a address space from 0000H to 0FFFH . 

The memory chips which can be installed on board location U7 are 
of the following types: 2716, 2732, 2764, or 6264. 

These changes are incorporated in the printed circuit board (PCB) 
of MPF-I with version number PB820010-9A or higher. The PCB 
version number is printed in between U6 and the crystal 
oscillator on the PC board. Please refer to the new schematic 
diagrams for details 
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READ ME FIRST 


The manuals that accompany your Micro-Professor are designed 
for reference and to suggest experiments by showing examples. To 
et started, it is suggested that you follow the proceedures given 
e 1 ow . 

UNPACKING AND INSTALLATION 

Open the "book” containing the Mi c ro-Prof essor(MPF- I ) . Locate 
the power connector in the upper right-hand corner Art. A 


POWER 

m 


Art. A Location of the MPF-I power connector 

Find the AC adaptor. The adaptor Art. B is a black box 
labeled "AC ADA PTORH' f . You should make certain that the voltage 
input shown on the adaptor matches the voltage supplied by your 
outlet. In the United States it is assumed (unless a special 
order is make) that the supply is il7VAC-which is usua 1 ly refer red 
to as one - ten (110V). You should also check the fre- quency; 
the label on the adaptor will show the frequency in Hertz(Hz). 
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Plug the 9V circular socket into the power receptacle on the 
M PF - I ♦ The side opposite the AC Adaptor label is to be plugged 
into your outlet. 




* CAUTION DO NOT TOUCH THU PRONGS WHEN PLUGGING * 

* THE AC ADAPTOR INTO YOUR OUTLET * 

***************************************+*********** 


When power is applied to the MPF-I the following series of 
patterns should appear 

u First pattern 

U P 
M P F 
M P F - 

M P F - - 

M P F Final pattern 

Strong background light will make the displays hard to read. If 
at all possible avoid bright lighting. 


TESTING AND FAMILARIZATION 

In the exercise below you will be shown how to enter and ex- 
cute a short program. Performing this exercise will test some of 
the MPF-I functions and familarize you with the MPF-I. The program 
used in this section adds two numbers and stores the result in mem- 
ory . 

PROGRAM IN ENGLISH 

Load the first number into the A register and the second number 
into the B register. Add the contents of the B register to the con- 
tents of the A register and put the result (sum) in the A register, 
store the value in the A register in memory location 1830H (H stands 
for hexadecimal). Finally halt the Micro-Professor. 


Source Program in Assembly Language 


ORG 

1800H 

; Start code 

at 1800 hexadecimal 

ID 

A, 05 

; Load the A 

register with 5 

LD 

B , 04 

; Load the B 

register wi th 4 

ADD 

A f B 

; A-* — A + B 


LD 

( 1830H ) , A 

; Store A at 

memory location 1830H 

HALT 


; Stop execution of program 
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ASSEMBLY LISTING 


All program are entered into the MPF-I in hexadecimal. There- 
fore, you first write your program in assembly language and then 
translate it into hexadecimal. All of the demonstration programs 
written in the MPF-I manuals will also list the machine language 
code - which is in in hexadecimal. A complete assembly listing is 
shown below. 


LOCATION 

MACHINE 

STATEMENT 

ASSEMBLY 


COUNTER 

LANGUAGE 

NUMBER 

LANGUAGE 


1800 


1 

0RG 

1800H 

;Start code at 1800 
hexadecima 1 

1800 

3B05 

2 

LD 

A, 05 

;Load the A register 
with 5 

1802 

0604 

3 

LD 

B , 04 

;Load the B register 
with 4 

1804 

80 

4 

ADD 

A , B 

;A— A + B 

1805 

323018 

5 

LD 

( 1830H) , A 

;Store A at memory 
location 1830H 

1808 

76 

6 

HALT 


;Stop execution of 
program 


Fig. 0-1 Assembly Language Listing 
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LOADING THE MACHINE LANGUAGE CODE 


You will now enter the machine language code shown in the 
assembly language listing (Fig. 0-1)* If you haven't already done 
so, connec t yo ur MPF-I to the power source* Now press the system 
reset key [ RS | . Section 3.1.1 of the reference manual contains a 
brief explanation of reset key actions. 


Since the available RAM (random access memory) starts at hexa- 
decimal location 1800/ the entry of mac hine language code will start 
at 1800H. Press the address key [ ADDR | , a random address will be 
displayed on the four leftmost digits; these digits will be referred 
to as 


ADDRESS FIELD DATA FIELD 


till 

U Of 


U U / / LJ 
U U O l— I 


The address field* Enter the starting address for the machine 
language code by pressing Q] DO OH GD ■ The same result can ob- 
tained by pressing the program counter key | PC | (this only works when 
your program starts at 1800K). No w info rm the Micro-Professor that 
data is to be entered by pressing 1 DATA I . Refer to line 2 of the 
assembly language listing. Line 2 contains two bytes of m ach ine lan- 
guage code 3E and 05. Key in the first byte by pressing m and 
EJ. The display should now show 


CD nODDED m 

ADDRESS FIELD DATA FIELD 


Advance the address field display by pressing [T] . The display will 
show 

CD 0 H) 0 0 QD X- unknown data 

ADDRESS FIELD DATA FIELD 

Enter the second byte of hexadecimal data by pressing m then 
m • The display will now show 

mmiam 00 

ADDRESS FIELD DATA FIELD 


Line 3 of the listing also contains two bytes of hexadecimal data; 
enter these bytes by keying [T] ■ HD » f 6~1 In a similar manor enter 

E3, GO , m 

the rest of the program, namely 

SIIlIllEJIlltaBtIJlllEllltlEimtl] 
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CHECKING FOR DATA ENTRY ERRORS 


The progra m had been entered. It is wise to check for entry 
errors. Press [ ADDRl fT] [~8~| fO] [~0~| . Are th e righ tmost two dis- 
plays (dara field) equal to 3E? If not press I DATA I and enter m flTl . 
To examine the next byte press [+] . Is there a 05 in the data field? 
If the display is correct, continue inspection of all the remaining 
data using the [TJ key. If the present byte or any successive bytes 
are incorrect, enter the correct data. 

Section 3.1.2 contains a formal description of how to enter data. 


PROGRAM EXECUTION 

There are two way s to begin execu tion at address 1800H. The sim- 
plest is to press I RS I . I PC 1 , and then I GO 1 . The second method allows 

execution to begin at any address. Press I RS I , I ADDft I , the beginning 
execution address, e.g. [T| [8] [Cf] [15], then I GO I . When you press 

Fgo 1 the screen will eventually go back less than a second and stay 
blank. The program has reached the HALT instruction and is waiting 
for the next operator action. 


CHECKING THE RESULTS 

To regain control of the keyboard functions press ITT] . The 
answer to 5+4 was stored at location 1830H. Key in I ADDR I fT] f~8~] 
I 3] fo] . The dislay should show 

13 00 CD DD GO □] 

ADDRESS FIELD DATA FIELD 

The action of the | PC | and | GQ| keys are explained in section 
3.1.4 and 3.2.1 respectively. 
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PROGRAM EXAMPLES 


Section 5.10 contains five programming examples. Using the know- 
ledge gained in exercise above enter the hexadecimal code shown in each 
program and then execute the program. Perform the same steps with the 
MPF-I Experiment Manual in Experiment-12, 13, '14, 17, 18. 


IF YOU MAKE AN ERROR 


1) A byte was incorrectly entered. Write the correct over the in- 
correct byte. 

2) One or more bytes were left out. Read section 3.3.3 then remove 
the bytes one by one. 


3) One or more bytes need to be added. Read section 3.3.2 then 
add each byte. 

4) To trace the execution of each instruction see section 3.2.2. 

Warning: If you are not familiar with the concept of single 

stepping you will need to read this section several times. You 
may find it necessary to consult additional learning material. 


LEARNING AND EXPERIMENTING 

For self learning, proceed to section III. Section III con- 
tains a series of experiments. Read' the theory (background) of each 
experiment and then do the exercises. If you do not understand parts 
of an experiment, do not be discouraged. Some of the experiments are 
quite advanced. You can refer to the MPF-I Student Workbook. 


VI 


MPF- I USER’S MANUAL 


TABLE OF CONTENTS 


1. MPF-I Specifications \ 

1.1 Hardware Specifications 1 

1.2 Software Specifications 3 

1.3 Physical Configuration 4 

2. General Description 5 

2.1 Function of Monitor Program 5 

2.2 Notations Used in This Manual 0 

2.3 Sr ror Messages q 

2.4 RAM Addressing 9 


3. Operation Introduction 1 q 

3.1 Basic Operation. . . . . . 

11 

Key 
and 


3.1.1 System Reset — 

3.1.2 Substitute Memory - and 

3.1.3 Examine & Update Registers - 


3.1.4 Program Counter — [~wT| Key. 


Key . 


1 1 
1 4 
1 7 


3.2 Program Debugging . . 10 

3.2.1 Program Exec ution — j «> | Key 18 

3.2.2 Single Step — | stcpI Key 19 

3 ; 2.35et Break Point - | w | Key ■■ 20 

3.2.4 Clear Break Point - L J | Key 23 


3.2.5 Immediately Break - 



Key 


3.3 Support Functions , , . . 

3.3.1 Block Transfer — |^ v ^| Key, 

3.3.2 Data Deletion - | | Key 

3.3.3 Data Insertion — 0 Key, 

3.3.4 Relative Address Computing — 

3.3.5 Storing Data Onto Tape — 

3.3.6 Reading Data from Tape - 


Key. 


Key . 
Key. 


24 

26 

25 

27 

28 

29 

30 
32 



4. Software and Hardware Description 34 

4.1 Memory Address - 34 

4.2 Input/Output Address 30 

4.3 Program Interrupt 39 

4.4 Software Break - instruction RST 30H (opcode F7) 

4.5 Stack 41 

4.6 Reset . 42 

4.7 Tape Data Format 43 

5. Monitor Subroutines 44 

5.1 Summary , . 44 

5.2SCAN1 45 

5.3 SCAN 40 

'5.4 HEX7 47 

5.5 HEX7SG 48 

5.6 RAMCHK 49 

5.7 TONE 50 

5.8TONE1K 51 

5.9 T0NE2K * 52 

5. 1 0 Program Examples 53 

6 . Memory Check 

64 Check EPROM 0000 -07FF 68 

6.2 Check RAM Region 1800 - 1 FFF 59 

APPENDIX 

A. Display Format, Position Code and Internal Code. 

B. Theory of Hardware Circuit B ^ 

C. Z80-CPU. Programming reference. - 

1 

D. Reference Book _ . 


1. MPF-I Specification 


1.1. Hardware Specifications 

(1) CPU: (Central Processing Unit) 

Zilog Z-80 CPU with 158 instructions and 2.5 MHz maximum 
clock i^ate. The MPF-I system clock is 1.79 MHZ. 

(2) ROM: (Read Only Memory) 

Single +5V SPROM 2516(2532), total 2K(4K) bytes. 

Monitor EPROM Address: 0000-07FF(OFFF) . 

(3) RAM: (Random Access Memory) 

Static RAM: 6116, total 2K bytes. 

Basic RAM Address: 1800-1FFF. 

(4) Memory Expansion Area: 

Single +5V EP£OM 2516/2716/2532/2732 EPROM or 6116 static RAM 
on-Board Expansion Address: 2000-2FFF 

(5) I/O Port: 

Programmable I/O Port 8255, a total 24 parallel I/O lines are 
used for keyboard scanning and seven segment LED display con- 
trol * 

I/O addresses: 00-03. 

Programmable PIO, a total of 16 parallel I/O lines, 

I/O address: 80-83H 

Programmable CTC, a total of 4 independent counter timers 
channels, I/O address: 40-43H 

(6) Display: 

6-d igi t , 0 . 5" , 7-Segment red LED display 

(7) Keyboard: 

36 keys including 19 function keys, 16 hex-decimal keys and 
1 user-defined key. 

(8) Speaker and Speaker Driver Circuits: 

A 2.25 u - diameter speaker is provided for user’s expansion. 
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(9) User Area: 

A 3.5" x 1.36" wire wrapping area is provided for user's 
expansion. 


(10) Audio Tape Interface: 

Can be connected to any cassette. Data transmission rate is 
165 baud per second (bps) . 

(11) System Clock Rate: 

3.58 MHz crystal is divided by 2, cycle time is 0.56 micro-sec. 

(12) System Power Consumption: 

Single 5V power supply, current consumption 500 mA. 


(13) Main Power Input: 

Power adaptor Input 110V 9V/500mA 


(14) Physical characteristics 


Height 

: 1.60 

mm 

Width 

: 15.75 

cm 

Depth 

: 22.30 

cm 

Weight 

: 1.41 

lb 


(ff/0 case) 
(W/0 case) 
(W/0 case) 
(With Case) 
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1.2. Software Specifications 


MPF-* I contains a high performance 2K-byte monitor 
program- . It is designed to respond to user input. The 
monitor commences execution when power is applied. In additio 
to the key monitor functions, the monitor contains a memory 
checking routine. 


The following is a simple description of the key 
f unctions : 


( 1 ) 

( 2 ) 

(3) 


AODR 

— 


: system reset. 

: set memory address. 

: set a register name. 

(4) : input data to memory or a register. 

(5) p<H : recall program counter. 

( 6 ) |'"+"| : increment memory address or a register by one, 


(7) 

( 8 ) 


: decrement memory address or register by one. 
: single step the user's program. 


(9) [-] : set breakpoint in user's program. 


( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

( 17 ) 

(18) 
(19) 


(20) Q 


clear breakpoint in user's program. 

terminate the executing program and return the 
control to the monitor. 

commence execution at address shown on the display, 
insert 1 byte into memory, 
delete 1 byte from memory. 

move a block of data from one area to another, 
relative address calculation, 
store data from memory onto audio tape, 
retrieve data from audio tape* 

maskable interrupt, connected to CPU's INT pin. 
user defined key, connected to input port 00, bit 6. 


m 

[> 

I " 1 > ) 

L£l 

Ll 


m 

mm 

mm 



Isr.H .put 

\ * r 


: hexa-digit or register name. 



Hi 

□ 

Hfl YE 
□ 

|H$ 

LJ 

S B ft 

□ 

PC SZ C H 

□ □ 1 

D 

P MC 
□ 

s/h 

□ 

PNC 

□ 

MO Ml 
□ 

ft £ L A 
□ 

OH 

□ 

CBft 

□ 

REG 

□ , 

8 

IX 

□ 

9 

IT 

□ 

A 

SP 

□ 

B 

1 IF 

□ 

IM T ft 

C 

TAPE 

□ 

STEP 

□ 

□ 

data 

□ 

A 

AF 

□ 

S 

BC 

□ 

o 6 e 

□ 

hY 

□ 

U St ft 
KEY 

r 

I A ft t 

>10 

1 □ 

GO 

□ 

+ 

n 

ADOR 

□ 

*°f 

□ 

□ 

? 

OE 

□ 

3 

HI 

□ 


2. General Description 
2.1. Functions of Monitor Program 

The MPF-I monitor provides the necessary functions 
for the user to develop his program. These functions 
include: 

(1) The ability to enter the user's program into RAM and to 
check and modify the program. 

(2) Execute the user's program which is stored beginning 
from the address on the displays. 

(3) Using 'Single Step' or 'Set Break Point' function, 

the user can execute programs step by step or modularly. 

After each step, control is transferred to the monitor 
and the current status of bhe CPU is saved. The user can 
check or modify registers and memory before executing the 
next step of the program. This function is very useful 
in debugging a program. 

(4) Other support functions, include audio tape control., and 
relative address calculation. Using the functions provided 
by the MPF-I. The user can develop his own special 
purpose microcomputer system based on MPF-I. 
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2.2. Notations Used in This Manual 


(1) Hexadecimal number system and seven- segment LED 
display format: 


bexad ecimal 
n umb er 

decimal 
numb er 

bi nary 
number 

seven-segment 

display 

0 

0 

0000 

n 

LJ 

1 

1 

0001 

i 

i 

2 

2 

0010 

d 

3 

3 

0011 

O 

_( 

4 

4 

0100 

1 1 

1 

5 

5 

0101 

o 

-1 

6 

6 

0110 

r 

□ 

7 

7 

0111 

1 

8 

8 

1000 

u 

u 

9 

9 

1001 

O 

1 

A 

10 ' 

1010 

0 
i i 

B 

11 

1011 

i 

O 

C 

12 

1100 

L 

D 

13 

1101 

1 

o 

E 

14 

1110 

c 

/_ 

F 

15 

1111 

u 

1 


Fig. 2-1 Number system 


(2) Each display is assigned a number for reference purposes 
as shown in Fig. 2-2. 


12 34 5 . 6 . 


Fig . 


2-2 the display number 


(3) When the contents of the display are unknown or do not matter 
an 'X' will be indicated. 


(4) A square stands for a key button, as shownl in figure 2-3. 



Fig. 2-3 Symbols for buttons 

(5) <address> stands for a memory address which is 4 
hexadecimal digits entered by the user. If more 

than four digits are entered, the last four digits are 
accepted by MPF-I. If less than 4 digits are 
entered, leading digits are assumed to be 0. 

(6) <data> stands for 1 byte of data which is 2 digits 
entered by the user. The rules are the same as for 
< add ress 


(7) If some key <address>, 
1 [ 1 ' i e. g . [ <add ress> ] , 


or<data> is enclosed by 
it may be omi 1 1 ed . 


/ 
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2.3. Error Messages: 


When an illegal key is entered, the monitor program will 
out the Display to indicate an error condition has occurred . 
program errors will cause an error pattern such as _j<> r 


bl a nk 
Some 
to be 


d isplayed . 


When this occurs, locate and enter the appropriate key. 


2.4. RAM Addressing 


The addresses of the basic RAM are from 1800 to 1FFF* The 
addresses reserved for expansion RAM ate from 2000 to 2PFF 
1F9F - 1FF3 of the basic RAM are allocated to the monitor. The 
should read chapter^ 4 before using this area of memory* 


! 


user 
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3. Introduction to Operation 

This chapter is divided into three parts: basic 
operations, program debugging, and support functions. 
Notations are described in 2.2* 


3.1. Basic Operations 


3.1.1 System Reset Key 



Pressing the Reset Button will 


display 



On a power-up, the six digit (UPF--1) are shifted out one- 
by- on e from right to left. The monitor program is initialized 
either the reset button is pressed or on a power-up. 


3,1-2 Examine or modify the contents of memory: 

[ <data>] ] □ [ <data>] 


<address>[ 


and 


DATA | Keys 


EXAMPLE: Check the contents of memory locations 0000-0003 


KEY 


DISPLAY 


ADDA 


*'*•*•*'** | 



AF 

O 


0 - 0 . 0 - 0.0 6 1 


COMMENTS 

The four Index points notify 
user to Input ADDress. 

The contents of ADDR 0are6 
Note: Display format for ADDR 


ADDR 

0 . 0 . 0 ♦ 0 * 


DATA 


- 0 
JL- 


^DataByt es ) 
1 [Address Bytes] 


□ 


0 0 0 1 0 - 0 . 


0 00 2 1 . 0 . | 


0 0 0 3 F. E. 


refer to Description for addition 
information 1-12) 




Note that the |JJ KEY 
Increments the ADDR counter 
by ONE. 

Contents of ADDR 0002 is 10. 
Contents of ADDR 0003 is PE. 


EXAMPLE: Change the contents of 1800 into AB , 1801 into CD. 
KEY D IS PLAY 


x.x.x.x.x x 


-r — J 

4ADDR field ) 


o •£ 


1.8.0.0.x x 


COMMENTS 

4 index points in ADDRESS 
field notify USER to input 
ADDRESS. 

enter 1800 by pressing the 
appropriate KEYS. 


1 8 0 0 x. x* 


(data field) 


Pressing the data function 
KEY allows the user to input 
data into DATA Field. 











[1 8005a. 
j 1800 A.B. 


[l 8 0 ij.x.n 

fl 8 01 C.D. 


winter 3.A Into the DATA FIELD. 

enter B Into the Data field. 
If DATA is more than two 
digits the last two will be 
used . 

ADDR Feild increases by one. 
The 2 points in the 
DATA Field notify user to 
A nput Data, 

Enter Data by pressing the 
C and D Keys. 


AMPLE: Update the contents of 0000 


KEY 



OAT A 


BC 

5 


DISPLAY 


o.o.ao.o 6 


0 0 00 0 . 6 . 


COMMENTS 
ADDRESS is 0000 


The contents of ROM cannot 
be changed so the display is 
blanked. After releasing 
the Key the Display will 
return as before. 


0 0 0 0 0 . 6 . 


[ desc ription ) : 


Addr means address* After pressing this key the display 
is in the standard format, i.e., the left four digits stand 
for the address and the right two digits represent the data* 
The address field is indicated by four points and requires 
4 digits* if more than 4 digits are keyed in, only the last 
4 are accepted. If less than 4 digits are entered, the 4 hex 
digits on the display are assumed to be the address. 

When Q is pressed, the indication points will be shifted 
to the rightmost two digits prompting the user to enter 
data- The content of the addressed HAM location* wi 1 1 be 
replaced by the entered data. Pressing 0 or 0 will 
increase or decrease the address field. if the indication 
points are already in the data field, then it is unnecessary 
to press 0 - After pressing Q , the user may press [T] 

or Q directly. 

If the user attempts to change the contents of ROM, 
the display will blank out. After releasing the key, 
the display will be restored. 
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3.1.3 Examine & Update Registers 


and 


Keys 


<register name>[ 


[ <da ta> ] □ [ <data > ) □ 


EXAMPLE : Check the contents of SP f HL, iy registers. Change the 
contents of register A to 12, and register F to 
34* 


KEY DISPLAY 


QC& 


r EG - 



SP 

A 


X X X X S P 




[ register name] 


COMMENTS 

SET MPF-I into REGister 
Mode. 

The names and contents of the 
registers are displayed when 
register Key is depressed. 


the 



KL 

3 


x X x x H L 


IY 

9 


X X x x I Y 


AF 




0 


X X X X A F 


OAT A 


X x X.X.A F 




— 1 

data field 

of register 

00 

X x 3. 4-A F . 


To display a specific register, 
first depress the REG Key, 
then press the register name AF, 
IY, etc. 


The two points under the 
Data field of register F notify 
F USER to input Data into the 
Data field. 



x.x.3 4 


1.2.3 4 A F 


The two indication points move to 
the Data field of register A. 
Register A is now changed 
to 12 


[ desc ription] : 


<regi6ter name) is the name of the register. Each register 
is addres sed by on e key. When Q is pressed, the display 
becomes [ r E c - ~] , prompting the user to key in the 
name. After pressing register name, the right field of 
the display is the register mn emonic , the 1 eft field is the 
register content. For example, | 1234SP I means the 
contents of the stack pointer is 1234. < register name) is a 
one key command. If the user wants to check several 
registers, he just presses <register name) -once for each 
regist er. 

It is necessary to press H , HI or Q if 
the user wants to update the contents. The change is 
done on a byte basis. When 0 , [*] or 0 is pressed, the 
display will show two ^oints_, notifying the user 
to input data and indicating that the register is being 
changed. Pressing Q] or [0] will move the indication points 
in the direction shown in figure 3-1. 


nam e 


display 

□ 

Flags 

X X X.X.AF 


Reg A 

x.x,xxaF 

t 

Keg C 

x x x.x.B C 

□ 

Heg B 

x. x,x -xBC 


Fig. 3-1 The moving rule for REG indication points 


The followings are some special register mnemonics: 

1. The alternate registers AF 1 , BC', DE ' , HI' are in- 
dicated by the decimal point at the right. 

2. IX, IY is Indicated by \Y , |y . 

3. Register I and interrupt IFF 2 is indicated by IF. 


The meaning of each bit in P is shown in figure 3-2. 


S Z 


H 


p/v N C 


FH (Flag High) 


FL (Flag Low) 


' . ' * does not matter 
Fig. 3-2 Flag register 

MPF-I decodes the flag register and displays it in 4 bit 
groups. To display one of four bit groups, refer to the 
table below 


Selection Key 

FH S2.H 

FL PNC 

FH. SZ.H' 

FL. PNC' 

When decoded flags are modified, only the least significant 
bit (LSB) of the input key is used. The next time you check 
AF register, the contents will be updated automatically. 


EXAMPLE: Check the carry flag and update it 


KEY 


R€Q 

xf 

0 

-PNC 


D 


&ATA 

kf 


0 


Aca 

111 



COMMENTS 

Contents of P is 29. 
Check the carry bit. 

Reset carry flag. 

F is updated 
automatically. 
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3.1.4 Program Counter - FI Key 

Reset user’s program counter. The basic RAM of MPF-I 
is 2K bytes. It can be expanded to 4K bytes. When the 
monitor is reset, it finds the lowest RAM address( 1800) 
and sets the user's program counter to this address. If 
PC Is pressed after RS , the left of the display is the 
lowest RAM address. See Example A 


COMMENTS 


Lowest RAM ADD r ess . 


Exampl e-A 

KEY DISPLAY 


□ 

UPF - - 1 

□ 

leooxx 


3.2. Program Debugging 


3.2*1 Program Execution 



Key 


This key is valid only when the display is in the standard 
Addr-Data format. After pressing this key, the CPU jumps 
to the address on the display. Before transferring 
control to the user's program, it restores all the user’s 
registers. User's registers can be preset by pressing ED 


EXAMPLE: Executing program 


KEY 




DISPLAY 



COMMENTS 

The left field of the display 
is not an address. 

Display is blank, 
indicating an error. 

Display returns to normal 
after releasing the key. 

The left field is an 
add ress. 

CPU starts execution from 
1800. 


3.2.2 Single Step - ["^] Key 

0 is similar to 0 * It is valid only when the 
display is in Addr-Data form. Pressing this key causes 
the CPU to execute the instruction pointed to by the 
current setting of the PC register. After execution, the 
monitor regains control and displays the new PC and its 
contents. The user may examine and modify registers and 
memory contents after each step. 


EXAMPLE; Store a program in RAM and execute it by 
single steps 


KEY DISPLAY 


rs 


U P F - - 1 

PC 



18 0 0 x.x. 

HL 

3 

sz. U 

e 


1 8 0 0 3. E. 

+ 

AF 

0 

18 0 1 0-0. 

+ 

HL 

3 

s r] 

1 8 0 2 3-0. 

+ 

AF 

4 

l] 

1 80 3 4.7. 

PC 


1 80 0 3.E. 

STEP 


i 

1 80 2 3-C. 

ft€G 

AF 

O 

" 

0 0 X x A F 

PC 

STEP 

1 80 34.7- 

MG 

kr 

0 

0 1 x X A F 

PC 

5TLP 

1 8 0 4 x.x. 

MG 

SC 

1 

0 1 x x B C 


COMMENT 

Reset system. 

Program from 1800. (Z80 
i nst ructions) 

LD A , 0 
INC A 
LD B,A 

Display is in the Addr-Data 
form, address is 1800. 

First step, PC becomes 1802, 
Register A is 0. 

Second step, PC becomes 1803. 
Register A incremented. 

Third step, PC becomes 1804. 
Register B becomes 01. 


When executing using 
stack to store interrupt 
stack pointer must point to RAM. 


single step, the monitor uses user* 
return address. The user’s 
If 


not , 


Err-SP 


will be displayed. If user’s stack pointer points to 


SYS-SP 


system stack area, 
overlap will cause an error 
executed. In these two cases, 
pointer or press the reset key 
will set user's SP to its default 
not worry about his stack pointer. 


will be displayed. Stack 
when ’RET’ instruction is 
you must change the stack 
After reset, the system 
value, the user then need 
(See section 4 . S ) 


3.2.3 Set Break Point 



Key 


When a program is long, single step execution can be ve 
time consuming. Setting break points allows the program to 
execute more than one instruction and then halt. Pressing 
step many times has almost the same effect but takes longer. 
The monitor regains control whenever user's PC passes a 
specified break point address. The user may examine or 
modify memory and registers when his program has reached a 
break point. 


SBR means set break point. When the display is in Addr^Data 
form with address pointing to RAM area, pressing this key 
causes the displayed address to be set as a break point. 


EXAMPLE: Store the following program in RAM. Use SBR to 
see the results of the execution 


add ress 

machine code 

i nst ruction 

1800 

3E00 

LD 

A, 0 

1802 

3C 

INC 

A 

1803 

47 

LD 

B f A 

1804 

04 

INC 

B 

1805 

48 

LD 

C, B 

1806 

FB 

El 





KEY DISPLAY 




U P F - - 1 

ADO* 

&c 

a | 


1.8.0.0.x x 

OATA 

H<_ 

3 

Is Z ■ H 

| £ 


18 00 3.E. 

4 

AF 

0 

1 ** 
0 

18 0 1 0-0. 

4 

WL 

3 

$Z- M 

C 

1 8 0 23-C. 

4 

Af 1 
4 

HL 

7 

1 8 03 4-7. 

+ 

AF 

0 

AF 

4 | 

1 8 0 4 0-4. 

4 

AP 

4 

it 1 
8 | 

1 8 0548- 

4 

■ PMC 

r 

1' IF 
0 

1 80 6 f.b. 

son 



1. 8.0.6. f.b. 

AOOCt 

1 0C 1 
1 1 1 

LlI 

i * 1 “ i 

1.8. 0.0-3 E 

00 


1 8 0 7 x.x. 


RtO 


r EC - 

AF 

0 


0 1 X X A F 




A reg E reg 

ec 

i 


0 2 0 2 B C 


V v 

0 

B reg C reg 


00 01 I F 

Id 

u 

1.8. 0.6. f.b. 


■PMC 

r 

1* 


1.8.0-6.F.3. 

A OOP 

Ll 

IX AP 

8 0 

AP 

0 

1.8- 0.0.3 e 




CO 

1 80 7 x.x. 

| KG 

1* IF 
1 8 


0 00 0 I F 


COMMENTS 

RESET 

Set Starting ADDR 
Initialize Data Field 
Increment Program Counter 
Increment Program Counter 
Increment Program Counter 
Increment Program Counter 
Increment Program Counter 
Increment Program Counter 
Set Breakpoint at 1806 

Program starts at 1800 

The program is executed from 
1800-1806. The program halts 
at 1807. Note this is the 
ADDR of next instruction. 

To verify results use REG Key 

The contents of the A reg 
is correct. 

The value in the B register 
are correct. 

The interrupt Flip Flop is set. 
This is the result of E 1 ! 
(Enable Interrupt) . 

Change instruction from El to 
D I (Disable interrupt) 

Enter F3 into Data field. 

Set starting ADDR of program, 

Ex ec ut e 

Check IFF 
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Note: Bit has been reset. 
( res ul t of D I 
i nst ruction) 


[Description] : 


(1) It is illegal to set break points in ROM area. If 
you do so, the monitor will blank out the 
display. 

(2) If one instruction has more than one byte, a break 
point must be set at the first byte. Otherwise, 
errors will occur. 


(3) When the display is in the Addr-Data form and the 
address field is the break address, six index 
points are set to indicate that the address is a break 
point. 


(4) The contents of a break address can still be 


modified by 


key. 


(5) When the user's program executes to the break point, 

the display is in the Addr-Data form. The address field 
io the user's PC. 


(6) After program executed the break point, all the 
status and registers are saved. 


(7) See 3.2.2 for stack rules. 


(8) Only one break point may be set 


3.2.4 Clear Break Point 


s 


Key 


If the user want to eliminate the break point In his proyram. 
he can press 0 to clear the break point. This key is 
accept ed at any ti me. After pressing it, the display will 
become ptr , rrr , |. (Break point is set to FFFF, ) 


F. F. F. F. F. F. 
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3*2.5 Immediately Break - 


MOM 


Key 


When executing a program, many errors may occur. For 
example, a program will lose control when the CPU 
executes a nonexistant operation code (opcode), or 
when a program has an infinite loop. 

Moni means monitor. Any time you press this key, the 
same mechanism as used by single step will transfer 
control to the monitor. Then User’s PC and its contents 
are displayed. When the HALT instruction is executed, 
pressing. Q will return control to monitor and retrieve 
the contents of the new PC. After Q is pressed, the 
monitor will check the user’s SP. The rules are the same 
as for single step and break point. 


EXAMPLE: HALT and return to 
KEY DISPLAY 



GO 



MPF-I monitor 
COMMENTS 


Store HALT in 1800. 

CPU halts, the display is 
blanked, the LED HALT 
is turned on. 

The display is of the 
Addr-Data form. The address 
field is the user's PC. All 
registers are reserved. 


EXAMPLE: Pressing this key when monitor is being 
ex ecut ed 


KEY 

DISPLAY 



U p F - - 1 

MOr* 





SYS- S P 


COMMENTS 

The monitor is scanning 
the keyboard. The system 
treats the monitor as the 
user’s program. The user’s 
SP is in the system 
stack. 


3.3. Support Functions 

Key 

<add ress> □ <address> s 
EXAMPLE: Move the data in 1800 - 18FF to 1810 


3.3.1 Block Transfer - 

□ 


<add ress) 


190F 


KEY DISPLAY 


WOVE 


x. x , x , x , - S 

BC 

1 

it 

\ Q 

AF 

O 

AF 

0 

1-8.0.0- S 

+ 


X.X.X.X.- E 

BC 

1 

IX 

1 6 

F 

■PNC 

F 

1.8. F. R- E 

+ 


X.X.X.X. - d 

BC 

l 6 

BC 

l 

AF 

O 

1.8. 1.0.- d 

GO 


18 10 x.x. 


COMMENTS 

S is the mnemonic of 
starting address. 

Starting address = 1800 

E is the mnemonic of 
ending address. 

Ending address = 18FP 

D is the mnemonic of 
destination address. 
Destination address = 1810 

Transfer completed, the 
last byte moved is 1810 


[ Desc ription] : 

After p ressi ng the Q 11 key, the display becomes 

|xxxx-s] . S means the starting address of the data 
to be tr ansferee! * > After pressing [j] , the display 
becomes j~x x x x - e| , E means the ending address of the data 
to be transfered. Press a- again and the display becomes 
fx x x x - D| . d means the destination address of the 
data to be moved. When finished, the display is of the 
Addr-Data form. The address field is the last byte 
moved. Movement can be upward or downward. 

When moving upward, the last address is the 
lower limit of the destination area. When moving 
downward, the last address is the upper limit of the 
destination area, as shown in figure 3-3. Because of 
the fast speed of the microcomputer, the transfer can 
be finished instantaneously. After pressing [T] 
the result will be displayed at once. 



moving upward moving downward 

Pig. 3-3 Function of R 

(arrow indicates the first byte moved) 


If the destination area overlaps the system 
stack, the system stack will be destroyed. The user 
should pressed QT| to reset the system. 
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3*3.2 Data Deletion - H Key 

This key is valid when the display is of the Addr-Data 
form. Pressing this key causes the data of the displayed 
address to be deleted. All the data above this address 
is shifted down one position. 

EXAMPLE: Assume the present contents of RAM and the desired 
contents are as follows: 


delete address- 


ADDRESS 

OLD DATA 

1800 

00 

1801 

11 

1802 

11 

1803 

22 

1804 

33 

1805 

44 


DATA AFTER DELETING 
00 
11 
22 
33 
44 
XX 


KEY 


DISPLAY 


ADM 

BC 

1 

IX 

a 

AF 

0 


? 1 . 8 . 0 - 2-1 1 


180 2 2 - 2 . 



COMMENTS 

To change the display to the 
Addr-Data form and enter the 
address to be deleted. 

The old contents of 1802 have 
been deleted and data above 
it have been shifted down. The 
new contents of 1802 are 22, 
which was the original contents 
of 1803. 

Check. 


[ Desc ri ption] : 

Data in ROM can not be deleted. The valid regions for 
this key are 1800 - 1DFF. When the deleted address 
is between 1800 - 1DFF, all the data after this 
address shift down position. The last one (1DFF) 
i s .f i 1 led with 0 ♦ 


3.3,3 Data, insertion - 
| ‘ HS | <data> 



Key 


When the display is of the Addr-Data foim, the input data 
will be inserted after the displayed address. 

EXAMPLE: Assume the contents of RAM are as follows: 

ADDRESS OLD DATA DATA AFTER INSERTION 


1800 

1801 

1802 

insert 33 here -> 1803 

1804 

1805 


KEY DISPLAY 


| AOQR | 

| T 

<X 

0 

0 

oe 

2 

1.8.0-2.2 2 

ED 





1 80 3 0.0- 

HL 

3 

HL 

3 




1 8 0 3 3.3- 

AOOR 

ec 

\ 

Li 

a 

KV 

0 

1-8.0.0-0 0 

+ 





1801 1.1. 

+ 





1 8 0 2 2-2- 

+ 





1 80 3 3-3. 

+ 





1 80 4 4-4 

+ 





1 805 5-5- 


00 

00 

11 

11 

22 

22 

44 

33 

55 

44 

66 

55 


COMMENTS 

To change the display to the 
Addr-Data form and enter 
the address of the insertion. 
Insert one byte after 
1802, address field 
becomes 1803. 

Key in data 33. 

Check 


[ Description] : 

The valid region for this key is the same as 0 V . 
After insertion, the last byte of the inserted block is 
lost. 


The inserted address is one byte after the displayed 
address* Pressing this key causes all the data after 
the displayed address to be shifted up one position. 

Then the address field is incremented by one and the user 
may enter the data he wants to insert. 


3.3.4 Relative Address Calculation - 


ftCLA 


Key 


Instructions JR and DJNZ require relative addresses 
MPF-I support s th e calculation of relative addresses 
throught the g key. 


< address) □ <address> □ 


EXAMPLE: Assume there is a JR instruction in your 

program. The address of opcode is 1800, the 
address to jump to is 1804. 


KEY DISPLAY 


RELA 


x.x.x.x- S 

Lil 

1 IX I AF 1 4F 

L 8 1 ° 1 ° 

1.8. 0.0.- S 

□ 


X.X. X X- tl 

1 sc 1 
1 1 1 

SHE 

1-8 0.4.- a 

H 


18 01 0.2. 


COMMENTS 

S is the mnemonic of 
starting address. 

Starting address = 1800 

D is the mnemonic of 
destination address. 
Destination - 1804 

MPF-I computes the 
relative address and 
stores the result in the 
next byte of the JR opcod 
The result is also 
di spl ayed . 


[Description] : 

After pressing |" CLA | , the display becomes 
| x .x.x.xT- S | . S represents the starting p oint of JR or 
DJNZ. Pressing Q , the display becomes | x .x.x.x.- D | , d 
represents the destination address of JR or DJNZ. 

Pressing j*]‘ » MPF-I computes the relative address then 
stores it in the 2nd byte of opcode. The display 
becomes of the Addr-Data form. The address containing the 
relative address is displayed. If the result exceeds 
decimal +127 or “128, the display becomes 


-Err 


TAPE 

MR 


3.3.5 Storing Data onto Tape - 


Key 


Cassette tape is a large capacity non-volatile 
storage medium. MPF-I contains hardware and software 
d rivers . 


<file name> 



<add ress> 



<add ress> 



EXAMPLE: store the data of 1800 -18FF on tape, use 
1234 as file name. 


KEY DISPLAY 


x.x.x.x,- F 


0 

oe hl 

2 3 

0 

| 1-2.3.4- f 

□ 


x . x. x, x. - S 

0 

00 

AF 

0 

1-8.0. 0-- s 

□ 


x.x.x.x.- E 

0 

IX | p»c| 

8 11 \ 

‘PMC 

F 

I.8.F.F.- E 


(PLAY & REC) 



1 S F F x*x. 


COMMENTS 

F is the mnenonic of 
f i 1 ename. 
filename = 1234 

S is the mnemonic of 
starting address. 

Starting address = 1800 

E is the mnemonic of 
ending address. 

Ending address = 18FF 

Connect the microphone of the 
tape recorder to MPF-I 
MIC. Start recording by 
pressing PLAY and REC key 
of recorder. 

Begin to output data. 

During transfer, the 
display is dark, but the 
TONE-OUT LED is on. 

When transfer is 
completed, the ending 
address is displayed. 




[ Desc ription] : 


Press! ng 

means file name, 
data sets stored 
to read back 


| x.x.xx.- f 


the display becomes 
It is used to distinguish different 
on a single cassette. It is also used 
data. Press and the display becomes 


1 x. Kx,x." S~| . S represents the starting address of the 
data to be written. Press 0 again and the display 
b ecom es I x. x. x. x, - E | 4 * E represents the ending address of 
the data to be written. Before pressing Q , you must 
connect the microphone of the recorder to MIC jack of 
MPF-I and press PLAY* and REC to start recording. If 
the recorder is not ready and you press 0 , data is 
still sent out. This data will not be recorded on tape. 
During transfer the display is blank, the TONE-OUT LED 
is on and a tone sounds. 


TAPE 

RO 


3.3.6 Reading Data from Tape - 


Tfc.Pt 

RO 


<f il ename> 



Key 


EXAMPLE: 


Read the data from a tape recorder, filename is 
1234, the data on the tape was written by using 
the mn key, see storing data onto tape* 


KEY DISPLAY 


TAP£ 

ftO 


X.X.X.X.^ F 

B C 
1 


M 

1 AF 

1 4 

I 1.2.34.- F 


□ 

(PLAY) 



COMMENTS 

F is the mnemonic of 
f il ename. 

Filename - 1234 
Connect the recorder (using 
earphone jack) to the EAR 
jack in MPF-I. 

Start execution. The 
display is blank while 
MPF-I is searching for 
the filename. 

Press PLAY on the recorder. 
The recorder output 
volume should be turned 
to maximum. MPF-I echoes 
the signal read from tape 
on its own speaker (if 
the volume is too low, 
then there will be no 
sound). Every file name 
read by the monitor will 
be displayed for 1.5 
seconds. When the desired 
file is found , f . 1 is 
changed into ’- f . When 
finished, the last 
address read in is 
displayed . 


[ Desc ription] : 


Before execution, the user must connect the recorder 
(using earphone Jack) to the EAR jack in MPF-I. Turn 
the volume of the recorder to maximum* Then press Q » and 
fi nally, sta rt the recorder (PLAY). Initially, the display 
is I • » » • * * LWhen the desired file is found, the display 
b ecom es | - 1 . 

Starting and ending addresses are already stored on 
the tape so there Is no need to input them. The user just 
needs to input the file name. A check is also recorded on 
the tape which MPF-I will ch eck when reading back. If not 
matched, the display will be h E r~~i~l A if matched, the last input 
byte will be displayed. 

If the data read from the tape is stored in a system 
stack, errors will occur. Care must be taken when you 
prepare tape data by ****. The tape data is echoed on 
the MPF-I speaker, so it is very easy to determine whether 
the tape is empty or not. This allows you to check a tape 
before recording data oh it, so you do not destroy data 
that has been previously recorded. 
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4. Software and Hardware Description 
4.1. Memory Address 



Fig 4-1 Memory map 


[ Desc ription] : 

(1) U 6 EPROM: monitor 

U7 RAM or EPROM: reserved for expansion 

U8 RAM: basic RAM of which 1FAF-1FFF are used 
by monitor 

(2) Address lines are fully decoded in MPF-I. Traces 
don't need to be cut or jumpers added on the PC 
board if 2516, 2716, or 2532 are inserted in U7 • 

a. The following lines need to cut and jumpered if 
a 2732 is inserted in U7. 


Cut lines 

PIN 1,2 of jumper 
PIN 3,4 of jumper 
PIN 5,6 of jumper 


Jumped lines 

PIN 2,3 of jumper 
PIN 4,5 of jumper 
PIN 6,7 of jumper 


b. The following lines need to cut and jumpered if a 
6116 is inserted in CJ7 . 


Cut lines 


Jumped lines 


PIN 3,4 of jumper 


PIN 4,5 of jumper 


4.2. I nput/ Output (l/0)Address| 


T 



Fig, 4-2 r/0 address map 
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[ Description] : 

(1) The 8255 is a programmable peripheral interface with 24 
parallel I/O lines. These 24 I/O lines are divided 
into three 8-bit ports. (See 8255 data sheet for 
details) . 

(2) The control word of 8255 is 03. Port A is an input 
port, ports B and C are output ports. 


(a) Port A (address 00): 
bit 7 : tape input, 
bit 6* connected to 
bit 5 

matrix The input signal becomes low only when keys 
in the active column are pressed. 


key, active low, 

0: connected to 6 rows of the keyboard 


(b) Port B (address 01) controls the seven segments and 
decimal point of the display. Figure 4-3 shows the 
name of each segment and the corresponding bit in 
port B. All output bits are active high. 


f 

e 


a 


l_h 
I I 


d P 


7 

6 

5 | 4 

3 

2 

1 

0 

d 

P 

c b 

a 

f 

g 

e 


Fig. 4-3 The corresponding bits of the 
7-segment display 


(c) Port C (address 02): 

bit 7: tape output; also connected to the speaker 
and the LED TONE-OUT. LED is turned on when output 
is 0. 

bit 6: monitor break control. Any attempt to change 
this bit is forbidden. 

bit 5 - 0: is connected to 6 columns of display & 
keyboard matrix. Bit 0 is the rightmost display, bit 5 
is the leftmost display. All these bits are active high. 


(3) The Z80 Counter Timer Controller (CTC) is a programmable 
component with four independent channels that provide 
counting and timing function for microcomputer systems 
based on the Z80-CPU. 

The I/O addresses of CTC are from 40H to 43H. 

(4) The Z80 parallel I/O (PIO) is a programmable, two port 
device which provides a TTL compatible interface between 
peripheral devices and the Z80-CPU. 

The I/O address of PIO are from 80H to 83H. 


(5) Address lines are not fully decoded only AO, Al, A6 and A7 
are used. A2 through A5 are undecoded lines. 


4.3. Program Interrupt 


The nonmaskable Interrupt is used by the monitor. The 
user Is not allowed to use it. Pin 16 of the. CPU (1NT)* 
is connected to jumper I on the left edge of the PC 
board and to Q . When the monitor code at address 0038 
is executed, control will be transfered to the address 
stored in 1FFE & 1FFF. During this process, all CPU status 
are an affected. The default contents of IFF E & 1FFF are 
0066. This is the entry point of the service routine. 0038 
is executed in the following situations: 

(1) Mode 1 interrupt is acknowledged; 

(2) Instruction 'RST 38H r (opcode FF) is executed; 

(3) The data bus are pulled high. If mode 0 interrupt 

is acknowledged without the interrupt vector, RST 38H 
will be ex ec ut ed . 

(4) When there is-an error in program execution and 
jumps to a nonexistent memory. The opcode fetched 
by CPU is FF. 

If the contents of 1FEE & 1FEF are not changed 
after power on, the effect of executing 0038 is the 
same as for pressing Q key or break point. The user may 
define his own service routine by changing the contents 
of 1FEE & 1FEF. 


4,4. Software Break- 1 introduction RST 30 H( Opcode F 7) 

RST 30H has the same effect as break. It is called 
software break because no hardware operation is 
i nvol ved . 

It is usually used as the terminator of a user's 
program. It is also very useful in mul ti-b reak-poi nt 
program debugging. 


4.5. Stack 


Figure 4-4 shows the stack configuration. The 
default value of the user's stack pointer is 1F9F. Each 
time the user' s program breaks, the monitor checks his 
SP. | SYS-SP | will be displayed if the user's SP 
points to the system stack. If there is stack related 

instruction (e.g. RET) in the user's program, an error may 
occur when user’s stack and system stack overlap. 


initial value 

Default 

of user's SP tp 9 g 

User T s Stack 

1F9F 

System Stack 

initial value lFAE 


of system SP — ^1FAF 

Monitor ‘ 

Used 

Area 

IFF 3 



Fig. 4-4 Stack distribution map 


[SYS-SP can occur in the following situations 


(1) Pressing Q when monitor is controlling the 
CPU. This operation will destroy all user's 
registers and should be avoided. 

(2) Executing the monitor itself by pressing Q 


4.6. Reset 


There are two possible results* When the monitor 
is reset, 

(1) Power on 

(a) Disable interrupt (IFF set to 0); 

(b) I regiser set to 0; 

(c) Interrupt inode set to 0; 

(d) User's PC is set to 1800. 

( e) User’s SP is set to 1F9F; 

( f) Break point is disabled. 

(g) Set the content of 1FFE to 66 and set the content 
of 1FFF to 00. When the code beginning at 0038 is 
executed the CPU will jump to 0066. This Is equivalent 
to press Q 

(h) MPF-I is displayed one character at at a time from 
right to left. 

(2) Press FI ■ 

(a) - (e) are the same as (1). The contents of 1FFE & 

1FFF and break point are unaffected. 'UPF — 1’ is 

displayed, (all digits) simultaneously. 


j42 


4.7. Tape Data Format 


( 1 ) Bit fo rmat : 




2 KH 2 


8 COc ) c 


i 

/ , i ' 

L_j°u 


l K I ]'/, , 2 Cycle 


El 


3 


I 2KH 7 > '.Cycle; IKH Z) (Cycle 

J- 6 ms 


Fig. 4 Tape bit format 


( 2 ) By t e f o nna t : 
Start 


S lop 


1 

hi to 

bit! 

b i 1 2 

in ri 

b i t 4 

bi 1 5 

bi.t6 

bi L7 


|* 60 ms 

Fig. 4-6 Tape byte format 
( 3 ) File to rmat : 








1 

— ~ s ~~ — 1 

— ’ T~ 


Lead 

File 

St art 

En d 

Chk 

Mid 1 


Ta i 1 


Sync 

n a me 

addr 

addr 

sum 

sy 11 c 

Data 

sync 










U 

1 


lKHz 


1 2 KHz Variable 2 KHz 


4 sec By te Byte Byte *';## e 2 sec Length 2 sec 


Fig. 4- 7 Tape file format 



5. Monitor Subroutines 


5,1. Summary 


ADDRE 

SS MNEMONIC FUNCTION 

062 4 

SCAN 1 

Scan keyboard and display one cycle. 

05FE 

SCAN 

Scan keyboard and display until a new key-in. 

0689 

HEX7 

Convert a hexadecimal digit into the 7-segment 
display format. 

0678 

KEX7SG 

Convert two hexadecimal digits into 7 -segment 
display fornat. 

05F6 

RAMCHK 

Check if the given address is in RAM. 

05E4 

TONE 

Generate sound. 

05DE 

TONE IK 

Generate sound at IK Hz. 

05E2 

T0NE2K 

Generate sound at 2K Hz. 


5.2. SCANl 


[Address] : 0624 

[Function]: Scan keyboard and display 1 cycle from 
right to left. Execution time is about 10ms (9.97ms 
. exactl y) . 

[ Tnput] : IX points to the display buffer. 

[Output] : (1) If no key-in, then carry flag = 1; 

(2) If key-in, carry flag =0 and the 

position-code of the key is stored in 
register A. (See appendix A.) 


[Register]: Destroy AF, A 1 F 1 , B'C', D'E* 

[ Suppl ement ] : 

(1) 6 bytes are required for storing 6 word patterns. 

( 2 ) IX points to the rightmost word, IX+5 points to 
the leftmost word. 


Display 

Buffer 



the rightmost word 


the leftmost word 


(3) See appendix A for the relation between each bit 
and the seven segments. 


5,3. SCAN 

[Address] : 05FE 

[Function]: Similar to SCAN1 except: 

(1) SCAN1 scans one cycle, but SCAN will scan till a 
new key-in. 

(2) SCAN1 returns the position while SCAN returns the 
internal code of the key pressed (see appendix A). 

[input]: IX points to the display buffer. 

[Output]: Register A contains the internal code of the 
key pressed. 

[Register]: Destroy AF, B, HL, AF' f BC 1 , DE r . 


5.4. HEX7 


[ Add ress ] : 0689 

(Function): Convert a hexadecimal number 

7-segment display format. 

(Input): The Least significant 4 bits of 
contain the hexdecimal number (0-F). 


Into its 
register A 


(.Output): The result is also stored in register A. 
[Register]: Destroy AF only. 


5.5. HEX7SG 


[Add ress] : 0678 

[Function]: Convert two bexa-decimal numbers into a 
7-segment display fomat. 

[Input]: The first number is stored in the right 4 bits 
of A. The second number is stored in the left 4 bits 
of A. 

[Output]: The first display pattern is stored in (HL), 
the second is in (HL+1), HL is increased by 2. 

[Register]: Destroy AF # HL* 


5.6. RAMCHK 


[Address]: 05F6 

[Function]: Check if the given address is 1 

[Input]: The address to check is in HL. 

[Output]: If it is in RAM then Zero flag = 

Zero flag = 0* 


n RAM. 


1, otherwise 


[Register]: Destroy AF 


5.7. TONE 

[Address] : 05E4 
[Function]: Generate sound. 

[Input]: (1) 0 controls the frequency of the sound. 

The period is about (44+Cxl3)x2xO. 56 mi 
and the frequency Is 200/(10+3x0) KHz. 
(2) HL contains the number of cycles, (max. 
is 32768). 

[ Output ] : None 


c ro-sec , 
val ue 


[Register]: Destroy AF, B, DE, HL 


5.8. T0NE1K 

[Address] : 05DE 

| Function]: Generate a sound of lKHz. 
[Input]: Number of periods is in HL* 

[ Output ] : None* 

[Register] : Destroy AF, BC, DE, HL. 


5.9. T0NE2K 

[Address] : 05E2 

[Function]: Generate a sound of 2KHz. 
[Input].: The number of periods is in HL. 
[ Output ] : No ne 

[Register]: Destroy AF, BC, HL, DE. 


f 


5.10, Program Examples 


EXAMPLE 1: Display 

■ HELPUS ' , 

HALT when 

sitp is pressed. 



1 

; DISPLAY ’HELP 

OS' UNTIL STEP-1 

1800 


2 


ORG 

1800H 


1800 

DD212018 

3 


LD 

IX, HELP 


1804 

CDFE05 

4 

DISP 

CALL 

SCAN 


1807 

FE13 

5 


CP 

13H ; 

; KEY 

1809 

20F9 

6 


JR 

NZ , DISP 


1 80B 

76 

7 

8 
9 


HALT 



1820 


r 

ORG 

1820H 


1820 

AE 

10 

HELP 

DEFB 

OAEH 

’S’ 

1821 

B5 

11 


DEFB 

0B5H 

’U 1 

1822 

IF 

12 


DEFB 

01 FH 

rpi 

1823 

85 

13 


DEFB 

085H 

'L 1 

1824 

8F 

14 


DEFB 

08FH 

'£ * 

1825 

37 

15 


DEFB 

037H 

1 H 1 



16 

j 






17 

SCAN 

EQU 

05FEH 




18 


END 




PUS BED : 


Details of the display buffer are given below: 



Posi tion 

Display 

Format 

Segment of 
11 1 umi nation 

d p 

c 

b 

a 

f 

g 

e 

Data 

Add r 



_/ 

a.c.d.f , g, 

1 0 

1 

0 

1 

1 

1 

0 

AE 

1820 

Right 

/ i 
j _/ 

a , b , c ,d , e , f , 

1 0 

1 

1 

0 

1 

0 

.1 

B5 

i 1821 

/ 


>—> 

i 

a.b.e.f ,g, 

0 0 

0 

1 

i 

1 

1 

1 

IF 

1822 



J 

d,e,f , 

1 0 

0 

0 

0 

1 

0 

1 

, 85 _ 

1823 | 



~ 

/ 

a,d,e,f ,g, 

i 

1 0 

0 

0 

1 

L 

1 

■t 

j 

1 

i_ 8 -L 1 

f [ 

; 1824 

s 

Le 

if t 

t f 
i j 

1 

b ► c , e, f , g , | 

0 0 

.1 

i 

0 

1 

1 

l i 

1 1 

37 ! 

i 

1825 
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Please refer to Appendix A 

EXAMPLE 2: Flash 'HELP US' 

Use routine SCAN! to display ' HELPUS 1 and blank 


a 1 1 e 

rnat el y . 

Di spl ay 

each pattern 500ms 

by looping 

1 SCAN1 

50 t i m es > 








1 

; FLASH 

’HELP US’ 

: 


1800 


2 


ORG 

1800H 


1800 

212618 

3 


LD 

HL, BLANK 


1803 

E5 

4 


PUSH 

HL 


1804 

DD212018 

5 


LD 

IX, HELP 


1808 

DDE3 

6 

LOOP 

EX 

(SP), IX 


1 80A 

0632 

7 


LD 

B , 50 


1 80C 

CD2406 

8 

11 ELF S EG 

CALL 

SCAN1 


180F 

10FB 

9 


DJNZ 

HELFSEG 


1811 

18F5 

10 


JR 

LOOP 




11 

t 




1820 


12 


ORG 

1820H 


1820 

AE 

13 

HELP 

DEFB 

OAEH 

f S’ 

1821 

B5 

14 


DEFB 

0B5H 

1 U 1 

1822 

IF 

15 


DEFB 

01FH 

ip. 

1823 

85 

16 


DEFB 

085H 

’ L * 

1824 

8F 

17 


DEFB 

08FH 

'E' 

1825 

37 

18 


DEFB 

037H 

1 H ' 

1826 

00 

19 

BLANK 

DEFB 

0 


1827 

00 

20 


DEFB 

0 


1828 

00 

21 


DEFB 

0 


1829 

00 

22 


DEFB 

0 


1 82A 

00 

23 


DEFB 

0 


1 82 D 

00 

24 


DEFB 

0 




25 

i 






26 

SCAN1 

EQU 

0624H 




27 


END 



The 

content of 

1800 determines 

the flash 

t frequency. 

, You 

may 

change it 

to any val ue. 
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EXAMPLE 3: Display the key code of the key pressed. 


1 ; DISPLAY INTERNAL CODE 


1800 


2 


ORG 

1800H 

1800 

DD210019 

3 


LD 

IX, OUTBF 

1804 

CDFE05 

4 

LOOP 

CALL 

SCAN 

1807 

210019 

5 


LD 

HL, OUTBF 

1 80A 

CD7806 

6 


CALL 

HEX7SG 

1 80D 

18F5 

7 

8 
9 


JR 

LOOP 

1900 


* 

ORG 

1 9 0 0 H 

1900 

00 

10 

OUTBF 

DEFB 

0 

1901 

00 

11 


DEFB 

0 

1902 

00 

12 


DEFB 

0 

1903 

00 

13 


DEFB 

0 

1904 

00 

14 


DEFB 

0 

1905 

00 

15 


DEFB 

0 



16 

t 





17 

SCAN 

EQU 

05FEH 



18 

HEX7SG 

EQU 

0678H 



19 


END 



When a key is pressed, the internal code for that command 
is displayed in the data field. The user may compare it 
with Appendix A. 


If you want to display the position code of the 
keys, you may change the program as follows: 




1 

; D ISPLA 7 POSITION CODE 

1S00 


2 

0RG 

180011 

1800 

DD210019 

3 

LD 

IX , OLfTBF 

1804 

CD2406 

4 

LOOP CALL 

SCAN1 

1807 

38FB 

5 

JR 

C, LOOP 

1809 

210019 

6 

LD 

HL, OUTBF 

1 80C 

CD7806 

7 

CALL 

HEX7SG 

1 8 OF 

18F3 

8 

9 

JR 

LOOP 


EXAMPLE 4: Convert 

3 continuous 

bytes 

into 7-segment 

di splay fo rmat . 

Store 

the results in 

1903 - 1908 then 

display them. 









1 

;D I SPLAY 3 BYTES IN HAM TO 6 HEXA-DIG 

.1800 



2 


ORG 

I800H 

1800 

110019 


3 


LD 

DE, BYTE0 

1803 

210319 


4 


LD 

HL, OUTBF 

1806 

0603 


5 


LD 

B,3 

1808 

1A 


6 

LOOP 

LD 

A, (DE) 

1809 

CD7806 


7 


CALL 

HEX7SG 

180C 

13 


8 


INC 

DE 

180D 

10F9 


9 


DJNZ 

LOOP 




10 

; CONVERSION COMPLETE, BREAK FOR CHECK 

1 8 OF 

DD210319 


11 


LD 

IX, OUTBF 

1813 

CDF 805 


12 


CALL 

SCAN 

1816 

76 


13 


HALT 





14 

i 



1900 



15 


ORG 

1900H 

1900 

10 


16 

BYTE0 

DEFB 

10H 

1901 

32 


17 


DEED 

32H 

1902 

54 


18 


DEFB 

54H 

1903 



19 

OUTBF 

DEFS 

6 




20 

> 






21 

HEX7SG 

EQ0 

0678H 




22 

SCAN 

EQU 

05FEH 




23 


END 


The 

three bytes 

of 

bi na ry data 

are stored in 1900 - 1902. 

The 

user can set 

a 

break point 

at 180F to check if the 


conversion is correct before displaying the result. 
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EXAMPLE 5: Simulate a police car siren 

The sound of a police car siren is simulated by 
alternating two different frequencies. Register C controls 
the frequency of the sound and register pair HL controls 
the length of the sound. 




1 

; POLICE 

CAR . 

SIREN: 

1800 


2 


ORG 

1800H 

1800 

0E00 

3 

LOOP 

LD 

C,0 

1802 

21C000 

4 


LD 

HL, 0C0H 

1805 

CDE405 

5 


CALL 

TONE 

1808 

0EC0 

6 


LD 

C, 0C0H 

1 80A 

210001 

7 


LD 

HL, 100H 

1 80D 

CDE405 

8 


CALL 

TONE 

1810 

18 EE 

9 


JR 

LOOP 



10 






11 

TONE 

EQLf 

05E4 



12 


END 



(1) Low frequency: C=0 (equivalent to 256), HL=C0H 
(192), so the period is (44+13x256 )x2x0 . 56= 3777 
micro-sec . 

frequency: 1/3777= 265Hz 

length of the sound: 3777 micro-sec x!92 = .73sec 

(2) High frequency: C=COH (192), HL=100H (256), so the 
period is ( 44+1 3x1 92 )x2x0 . 56= 2845 micro-scc. 

frequency: 1 /2845=352Hz 

length of the sound: 2845 micro-sec x256= . 73sec 


.57 


6. Memory Check 

6,1 , Check EPROM 0000-07FF 


The sum of all monitor codes is zero. Routine 
ROMTEST at 06A6 uses this property to check the monitor 
EPROM. 




ROMTEST: 




06A6 

210000 


LD 

HL, 0 


06A9 

010008 


LD 

BC, 800H 


06AC 

CD 3 1 05 


CALL 

SUM 


06AF 

2801 


JR 

2 , SUM0K 


06B1 

76 


HALT 


; IF ERROR 

06B2 

C7 

SMUOK 

* 

RST 

0 

; D ISPLA Y 


0531 

AF 

SUM 

XOR 

A 

0532 

86 

SUM CAL 

ADD 

A,(HL) 

0533 

EDAL 


CPI 


0535 

EA3205 


JP 

PE, SUM CAL 

0538 

B7 


OR 

. A 

0539 

C9 


RET 



This program calculates the sum of all EPROM codes. 
If the result is 00, ’UPF--!' is displayed. 


The key sequence is as follows: 



(1) Correct: the display 

(2) Error: HALT LED will 


i s 


U P F ■ ’ 1 


come on. 




6.2. Check RAM Region 1 800-1 FFF 



RAMTEST: 




06 94 

210018 

LD 

HL, 1 00011 


0697 

010008 

LD 

BC, 80011 


06 9A 

CDF 605 ftAMT 

CALL 

RAMCHK 


06 9D 

2801 

JR 

Z , TNEZT 


069F 

76 

HALT 


; I F ERROR 

06A0 

EDA 1 TNEXT 

CPI 



06 A 2 

EA1E07 

JP 

PE , RAMT 


06A5 

C7 

j 

RST 

0 ; 

; D 1 S PLAY ' 


RAMCIJK : 




05F6 

7E 

LD 

A, (HL) 


05F7 

2F 

CPL 



05F8 

77 

LD 

( 1 1 L ) , A 


05 f 9 

7E 

LD 

A, (HL) 


05FA 

2 F 

CPL 



05FB 

77 

LD 

(HL).A 


05 FC 

BE 

CP 

(HL) 


05 FD 

C9 

RET 



Thi 

s program tests every byte 

in region 

1800 - 

1 ? F F . 

If the byte is good, 

it continues testing till 


a] l bytes have been tested. [f there is any bad byte, 
the ilALT r. h: d will come on. Yoa can press 0 > 0 1 

0 to get the address that has the error. Then press 
0 to g e t the content of that byte. If y o u wa n t to 
continue testing, you may press 0 0. The key 

sentence is as follow: 


□smuEE 


( 1 ) Correct : | u P K - - l 

(2) Error: HALT LED will 


is di spl :j y ed . 
come on. 


APPENDIX 


Di splay tom at, pos i ti on- cod e and i n t eroa 1 -cod e 


a 





1 7 

6 

5 

4 

3 

2 

1 

0 

d 

P 

c 

b 

a 

f 


P 


DISPLAY FORMAT : 


COED 

BD 

30 

9B BA 

36 

AE 

AF 

38 

BF BE 3F 

A 7 

8D 

B3 

DATA 

0 

1 

2 3 

4 

5 

6 

7 

8 9 

A 

B 

C 

D 

DISP 

n 

u 

i 

i 

£ 3 

4 

5 

B 

-1 

/ 

B 3 


6 

! — 
/_ 

/ 

o 

CODE 

8F 

OF 

AD 37 

89 

HI 

97 

85 

2ls 23 A3 

IF 

3E 

03 

DATA 

E 

E 

C H 

I 

J 

K 

L 

M N G 

P 

Q 

R 

DISP 

E 

0 

1 

B H 

L 

i 

u 

e 

i 

i_ 

n n O 

p 

□ 

1 

r 

CODE 

A6 

87 

B5 13 7 

A9 07 

B6 

8 A 

83 

A2 32 

: 02 

CO 

00 

DATA 

S 

T 

U V 

W 

X 

Y 

Z 

( 

) + 

- 

) 


DISP 

b t 

U H 

u 

h 

y 

— 

c 

a -i 

f 

— 



Appendix A- 2 


1. Position-Code (CALL SCANI) : 


IE 

18 

12 

OC 

06 

O0 

SBR 

CBR 

‘O' 

' 1 ‘ 

’ 2 1 

f 3' 

IF 

19 

13 

OD 

07 

01 


PC 

'4 ' 

' 5 ' 

'6 ’ 

’ 7 ’ 

20 . 

1A 

14' 

OE 

08 

02 

DATA 

REG 

f 8 ' 

r 9' 

’ A ’ 

’ B ' 

21 

113 

15 

OF 

09 

03 

' + ’ 

A DDR 

1 C 1 

’D’ 

' E ' 

' F' 

22 

1C 

16 

10 

OA 

04 

INS 

DEL 

GO 

STEP 



23 

ID 

17 

11 

. on 

Ob 

MOVE 

RELA 

TPWR 

TPRD 




2. Internal-Code (CALL SCAN) 


15 

1A 

00 

01 

02 

03 

sbr 

CBR 

'O' 

’ 1’ 

‘ 2 ' 

’ 3 ’ 

11 

18 

04 

05 

06 

07 

' - ’ 

PC 

’4 ‘ 

'5' 

J 

X ’ 

'7' 

14 

IB 

08 

09 

OA 

OB 

DATA 

REG 

‘8 ’ 

1 9 1 

' A 4 

'B' 

1U 

19 

OC 

OD 

OE 

OF 

1 + * 

A DDR 


1 D T 

' E ' 

' F ‘ 

16 

17 

12 

13 

22 

20 

INS 

DEE 

GO 

STEP 



1C 

ID 

IE 

IF 

23 

21 

MOVE 

RELA 

TPU'R 

TPRD 




APPENDIX B 


Theory of Hardware Circuit 

A. System Clock 

U3a, U3b, and 3.58M Hz crystal produce 3.58MHz signal. This signal 
is sent to U2a pin 3 to produce 3.58MHz-?- 2 « 1.79MHz, system clock. 

B. Reset Signal 

U2b is used to trim the Reset signal produced by power on or 
pressing QF) key. The trimmed RST is sent to CPU and CTC. 

RST is sent to the 8255. 

C. Memory Addressing 

MREQ A 1 5 A 14 A13 A12 All A10 - — AO Selected Chip Address 

0 0 0 0 0 X X X LI 6 OOOO-OFPF 


0 


0 


0 


0 


X X 


U7 


2000-2FFF 


0 


0 


0 


X 


U8 


1800-1FFF 


U6 is the monitor for MPF-I, it may be a TMS2516, or an Intel 
2716. CJ7 is a spare socket for future expansion usage, it 
may be a RAM or a ROM, Circuit design is default for 2716, 
2516, 2532(EPR0M) when user intends to plug in Intel 2732, 
or HM 6116(RAM), he should consuLt the note on Sheet 4 of the 
schematic. U8 is a system RAM, the memory size is 2K bytes. 


D. Input /Out put port addressing 


U96 (74LS139) 

is an T/C 

> port decoder. 



IORQ 

A 7 A6 

S el ec t ed I /O 

Port Address 


0 

0 0 

8255 

00 - 03 


0 

0 1 

CTC 

40 - 43 


0 

1 0 

PI0 

80 - 83 


Note; 1/0 port As not 

fully decoded , 

( e.g. the 16 combinations 

00 - 

03, 04 - 

07, 08 - 0B, . . , 

. . .3C - 3F , all 

select the s 

8255. 

The CTC 

& PI0 are also 

selected by 16 

different 

combi nations. 
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E. Matrix Keyboard and Display 


U14 (8255) has 3 I/O ports, PB0-PB7 control individual segments 
in a display, U15 and U12 are segment drivers, PC0-PC5 select which 
display is to be activated, U13 (75492) is a 6-digit digit driver. 

The LED display uses a Multiplexing method, only one is selected 
at a time, from right to left. Due to its rapid multiplexing rate. 
The displays appear to be on continuously. 

Whenever the diaplays are accesed keyboard activity is also 
checked via U14 (8255) PA0-PA5. If no key is pressed, PA0-PA5 
are high, when there is one key pressed, via keyboard scan routine 
the CPU will detect which key id pressed. In MPF-I there are 
6 x 6 = 36 keys, but only 32 keys are checked through the key 
board matrix. 


F. User-Key 

The user-key is not assigned a function and is reserved for user's 
future use. The state of this key is detected via PA6 of 8255. 
via PA6 of 8255. 


G. Audio Tape Interface. 

The program or data to be stored in Magnetic Tape is serially 
sent out via PC7 of 8255. The filtering & decaying circuit are 
composed of C13, Rll, C12, R12 and R13. This decayed signal is 
to MIC ("Microphone") inlet of Tape-recorder, Q2 drives an LED and 
speaker. PC7 is also used as the port for audio output. 

A recorded file may be read back to the RAM from the ("Earphone") 
EAR outlet of Tape recorder. The input interface circuit is 
composed of R14, CR2 , CRl and Cl 1 . This circuit converts EAR 
inputed signal to TTL level signal and detected by CPU via PA7 
of 8255. 
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FL Step, Break point and Monitor Break 

PC6 is normally high. This signal send to RO input of U4 (7490) 
will preset U4 output to 0000, and make NM I of Z-80 high. 

When PC reach Breakpoint or MPF-I execute single step, PC6 will 
output low, U4 starts counting, after 5th OP code fetch, NM I 
becomes low. This will interrupt program execution and jump 
back to monitor program. 


Logic 

State 

of 

U4 


(74LS90) 




R 9 

R0 

Qa 

Qd 

Qc 

Qb 

NM I 

Comment 

Normal State 

0 

1 

0 

0 

0 

0 

1 

U4 preset to 0000 

BREAK becomes 1 ow 

0 

0 

0 

0 

0 

0 

1 

R0=Bl'tF.AK=0 

iSt MI 



0 

0 

0 

0 

0 

i 

1 

7490 Start comm ting 

2nd MI 



0 

0 

0 

0 

1 

0 

1 

Qd , Qc , Qb i s Mod , 5 

3 rd MI 



0 

.0 

0 

0 

1 

1 

1 

Counter 

4th MI 



0 

0 

0 

1 

0 

0 

1 


5th MT 



0 

0 

1 

0 

0 

0 

0 

Qa f rom 0-1 
when Qd from 1**0 

Pr essi ng 
K ey 

mGni 


T 

0 

1 

t 

0~ 

"0" 

0 ~ 

U4 Preset to 1001 

After B 

ke^ 

i s 

p v es s ed , 

R 9 of 

U4 

is high, Qa becomes high and 


NM I becomes Low. So CPU j ump back to monitor program execution 
due to nonmaskable interrupt. 


r. PI0 and CTC 

Uli (CTC) and U10 (P10) are daisy-chained, CTC has the higher 
interrupt priority, CTC JET, PI0 IE0, CTC channel signals and P10 
I/O port are reserved on P2 edge connector for user future 
expansion . 
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APPENDIX C 

Z80-CPU Programming reference. 





SYSTEM 

control 


/_ 

mrTq 


< 


IORO 


RO 


WR 


I^RFSH 

/ 

HALT 


WAIT 


CPU 

CONTROL 


< 


INT 

NMI 


s^RESET 


CPU 

BUS 

CONTROL 


fiUSRQ 


8USAK 


'I* 

■*5V 

GND 



A 0 

A t 

a 2 

A 3 

a 4 

A S 

A 6 

a 7 

H 

a 9 
A )0 
All 
A 1 2 
A 13 
a 14 
A 1 5 

Do 

01 

0 2 

°3 

d 4 

°s 

°6 

d 7 


\ 




/ 

\ 

> 


ADDRESS 

BUS 


DATA 

BUS 
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MAIN REG SET 

/\ 


X X 




ALTERNATE REG SET 

/N 


X 



GENERAL 

PURPOSE 

REGISTERS 


INTERRUPT 

MEMORV 

VECTOR \ 

REFRESH 

1' 

R 


INDEX REGISTER IX 


INDEX REGISTER IV 


STACK POINTER SP 


PROGRAM COUNTER PC 


X 


SPECIAL 
S PURPOSE 
REGISTERS 


/ 


Z80-CPU 

REGISTER CONFIGURATION 


SUMMARY OF FLAG OPERATION 


Instruction 

D7 

S 

2 


H 


p / 
V 

hi 

DO 

c 

Comments 

AOD s; ADCs 

1 

1 

X 

1 

X 

V 

0 

1 

8-bit add or add with carry 

SUB i; SBC t; CPs; NEG 

i 

1 

X 

1 

X 

V 

1 

1 

8-bit subtract, subtract with carry, compare and negate accumulator 

ANOs 

t 

\ 

X 

] 

X 

p 

0 

0 

] Logical operations 

ORs; XOR s 

t 

\ 

X 

1 

X 

p 

G 

0 

me* 

t 

t 

X 

t 

X 

V 

0 

• 

8-bil intremeni 

DECs 

i 

i 

X 

> 

t 

X 

V 

1 

• 

8 bit decrement 

AOO 00. SS 

• 

• 

X 

X 

X 

« 

0 

1 

16-bit add 

ADC HL. SS 

t 

i 

X 

X 

X 

V 

0 

1 

16-bit add with cany 

SBC HL, SS 

i 

1 

X 

X 

X 

V 

1 

1 

16-bit subtract with carry 

RLA; RLCA; RRA; R RCA 

♦ 

• 

X 

0 

X 

• 

0 

t 

Rotate accumulator 

Vi; RLCs; RR i; RRCs; 

V 

i 

X 

G 

X 

p 

0 

1 

Rotate and shift locations 

SLAs;SRA s; $fi L s 
RLD; RftO 

1 

\ 

X 

0 

X 

p 

0 

* 

Rotate digit left and right 

DAA 

1 

1 

X 

1 

X 

p 

• 

1 

Decimal adjust accumulator 

CPL 

• 

• 

X 

1 

X 

• 

1 

» 

Complement accumulator 

SCf 

* 

• 

X 

0 

X 

• 

0 

1 

Set carry 

CCF 

o 

• 

X 

X 

X 

• 

0 

1 

Complement carry 

\H r, (0 

\ 

i 

X 

0 

X 

p 

0 

* 

Input register indirect 

INI; IND; OUTI; OUTO 

X 

t 

X 

-X 

X 

X 

1 

• 

1 Block input and output 

INI R; IND R; OTIR.OTDR 

X 

i 

X 

X 

X 

X 

1 

» 

)z * 0 if B 4 0 Otherwise 1 = \ 

LOI; LDO 

X 

X 

X 

0 

X 

t 

0 

a 

\ Black transfer instructions 

LOIR; LODR 

X 

X 

X 

0 

X 

0 

0 

• 

f P/V = 1 if BC * 0, otherwise P/V - 0 

CPI; CPI R; CPO; CPOR 

X 

1 

X 

X 

X 

t 

1 

» 

Block search instructions 

LD A. 1; LO A, R 

l 

1 

X 

0 

X 

IFF 

0 

o 

Z = 1 if A = (ML), otherwbo 2 * 0 
P/V - 1 if BC t 0, otherwise P/V * 0 
The content of the interrupt enable flip-flop (IFF) is copied into 

BIT b, i 

X 

I 

X 

1 

X 

X 

0 

• 

the P/V flag 

the state of bit b of location s is copied into the 2 flag 


The following relation ii used in this fable: 

Symbol Operation 

C Carry/tink flag. C=1 if the operation produced a carry from the MSB of lhe operand or remit, 

2 Zero flag. Z~ 1 if the remit of the operation it zero. 

S Sign flag. S=1 if the MSB of the remit it one. 

P/V Parity or overflow flag. Parity (P) and overflow (V) ihare the tame Mag. Logical operations affect thit flag with the parity of 

the remit white arithmetic operation* affect thit flag with lhe overflow of the remit, if P/V holds parity, P/V=1 if the remit of 
the operation it. even. P/V=0 if resull it odd. If P/V h o ids overflow, P/V— 1 if the roiutt of the operation product an overffow. 
H Half'Carry Itag. W=1 if the add or subtract operation produced a carry into or borrow from bit 4 of the accumulator. 

N Add/Subtract flag. N= 1 if (he previous operation was a subtract 

H and N flags are uied in conjunction with the decimal adjust instruction fOAA) to properly correct lhe result into pecked 
BCD format following addition or subtraction using operands with packed SCO format. 

| The flag it affected according to lhe result of the operation. 

• The flag is unchanged by the operation. 

0 The flag is reset by the operation. 

1 The Hag is set by the operation. 

X The flag is a "don't care". 

V P/V Hag affected according to the overflow remit of ‘he operation. 

P P/V flag affected according to the parity result of tha operation, 

r Any one of the CPU registers A, B, C. D, E, H, L. 

s Any 8-bit location for all the addressing modes allowed for the particular instruction, 

a Any 1 6- tut location lor all the addressing modes allowed for that instruction, 

ii Any one of the.two index registers IX or IV. 

fl Refresh counter, 

n 8-bit value in range <0, 2SS > 

nn 16-bit value in range <0, 65535 >; 
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a BIT LOAD GROUP 
J LO' 


OESTINAT ION 


m ; ce 
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REGISTER 
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INDEXED 

EXT 

MOR 

IMME 
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R 

A 

0 I C 
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• [H 

( < L } 

J_BC)_ 

(DE> 

MX>dl 

il Y + d) 

Inn} 

n 

1 

REGISTER 

A 

ED 

5? 

ED 

SF 

7f : 

47 

n 

79 

7 A 

| J 

K j j 
1 


OA 

1 A 

DD 

7E 

_d 

Fd 

7E 

d 

3 A 

In 

Il _ 

3E 

n 

0 



40 

41 

42 

43 

44 

45 

46 



DO 

48 

d 

FO 

46 

d 


66 

n 

C 



4f 

*6 

49 

4A 

46 

4C 

4D 

4E 



DO 

48 

d 

FO 

4E 

d 


GE 

n 

0 



57 

50 

St 

52 

S3 

M 

55 

56 



DO 

56 

6 

FO 

56 

d 


16 

n 

£ 



5F 

53 

59 

5A 

56 

6C 

50 

6E 



OD 

5E 

d 

FO 

5E 

d 


If 

n 

H 



67 

eo 

81 

62 

63 

C4 

65 

%& 



DO 

66 

d 

FD 

66 

d 


23 

n 

i 

t. 



6F 

a 

69 

6A 

68 

8C 

60 

ei 



DO 

6E 

d 

FD 

6E 

6 


2E 

jn 

1 

MEG 

INDIRECT 

IHL) 



77 

70 

71 

72 

73 

74 

76 






1 

36 

n 

(60 



02 












1 


(DEI 



12 














INDEXED 

1 

(IX+d) 



DD 

77 

d 

OD 

70 

d 

DO 

71 

d 

DO 

72 

d 

DO 

73 

JL 

DD 

74 

d 

DD 

75 

d 







00 

36 

d 

n 

IIY.d) 



FD 

77 

6 

FO 

70 

d 

FO 

71 

d 

FD 

72 

d 

FD 

73 

6 

FO 

74 

A 

FD 

75 

d 







FO 

36 

d 

A 

EXT AOOR. 
IMPLIEO 

Inn) 

1 



n 

u 

n 
















ED 

47 














R 



ED 

4F 
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ft-BI r LOAD GRON 


Mnemonic 

Symbolic 

O:\t3tion 

1 !5 


Op Ctdt 

Ho. af 
Syt« 

N«. «f M iWe. si i 
tithi ; Sum 

CtmwtnU 

S 

1 


H 


P/V 

JL 

C 

76 

m 2io 

Hex ! 

10 r , \ 

t - i 

G 

o 

X 

0 

X 

ft 

a 

& 

01 

( T 

1 1 ■ 1 \ 

1 

i 

T 

i,i Reg. 

ID*, n 

r <- n 

0 

« 

X 

e 

X 

o 

0 

» 

00 

r no 


y r 

2 

7 

'OOO B 








/ 



- 

n 





001 c 

LD r. (HU 

jr ~(MI.) 

0 

e 

X 

a 

X 

• 

© 

a 

01 

r no 


1 

2 

7 

010 0 

LO /. (\Xul) 

t — (f X^-d) 

e 

G 

X 

0 

X 

c 

o 

» 

11 

Oil 101 

DO 

| 3 

5 

19 

on e 











01 

i no 


1 



100 H 











- 

d ™ 





101 i. 

LD r. f|Ym) 

r-flY ’) 

o 

o 

X 

0 

X 

0 ' 


. 9 

11 

111 toi 

ED 

3 


19 

Ill A 











01 

f 110 
















- 

d 






LO (HL). r 

(HU — i 

Q 

0 

X 

o 

X 

o 

o 

0 

01 

no i 



j 

? 


LO (IX*d).f 

NX*d) -r 

t 

r> 

X 

* 

X 

a 

a 

- a 

n 

on ioi 

00 

3 


1<j 












ot 

110 r 

















d - 






LO ()Y*d>,r 

(lY-i-d) 

& 

0 

X 


X 

9 

& 

t 

n 

111 toi 

FD 

3 


19 












01 

no r 


I 

1 














6 ~ 






LO (HU, n 

ML)-n 

C 

o 

X 

o ' 

1 X 

0 

c 

© 

00 

no no 

36 

2 

% 

10 












- 

n 






LOdXadl.n 

(IX^)-n 

o 

* 

X 


X 

i o 

* 

9 

11 

on ioi 

OD 

4 


r 


i 










00 

110 110 
d - 

36 





LO (1 Y-Kl), n 

(lY^-d)-n 

fc 

o 

X 

0 

X 

9 

| 0 

6 

11 

ft - 

in toi 

FD 


5 

19 












po 

110110 

36 , 















- 

d - 

1 















- 

n — 






LO A, (80 

A- (80 

Q 

D 

X 

£ 

X 

© 1 

e 


00 

001 010 

0A 


1 2 

7 


LO A. (00 

A-(DE) 

♦ 

G 

X 

o 

X 

9 j 

j 

o 

00 

011 010 

1A 

1 

1 2 

7 


LO A. (no) 

A — (nrt) 

9 

O 

x 1 

® 

X 

e 

1 * 1 

• 

00 

in oio 

3 A | 


4 

13 






1 






- 

n 










1 






- 

ft - 






LD (GCJ, A 

(BC)-A 

O 

s 

X 

o 

X 

0 

0 

e 

00 

OOO 010 

g t | 

1 

2 

1 7 


LO(OE), A 

< 

LLJ 

o 

o 

c 

X 

0 

X 

c 

0 

o 

00 

010010 

1 2 

1 

2 

7 


LO (nul, A 

(nn) —A 

a 

(5 

X 

« 

X 

o 

o 

• 

00 

110010 

32 


* 

13 












*- 

n — 



1 


; 

LO A, 1 

A- 1 

1 

1 

X 

0 

X 

IFF 

0 

3 

11 

n — ■ 

101 101 

€( 

l 

1 2 

f 












01 

010 111 

f r 





LO A, ft 

A *- ft 

J 

1 

X 

0 

X 

f FK 

0 

0 

n 

101 101 



1 

8 









1 



Ot 

on m 






LO t, A 

1 - A 

6 

Q 

X 

0 

X 

* 

0 

o 

n 

ioi tot 


t 

2 

3 












01 

ooo n i 






LO (1. A 

ft — A 

K> 

O 

X 

c 

X 

a 

o 

6 

n 

101 101 


2 

i 

$ 












01 

001 111 




i 

1 


Horn: r, i irttan* any of iti* nLgimrt A, 8, C. 0. E, H, L 

IFF tfu content af Ifis interrupt i'nsbls flip-flop (IFF) ii copied ini o tht P/V ***? 


Flag Notation, 11 k not affected, 0 * flag imm, 1 - flig ml X « flag n unknown 
\ K (Is;* n affuied uncording to tbe rrtuJf of (ha operation 
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16-BIT LOAD GROUP 
LD* 

PUSH' AND 'POP" 


SOURCE 


DESTINATION 


PUSH 

INSTRUCTIONS 




REGISTER 

IMM. 

EXT. 

EXT. 

ADDR. 

REG. 
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AF 
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DE 

HI 

SP 

IX 

IY 
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(SP> 
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E 

0 

J 

S 
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p 

AF 










Ft 

0C 








01 

n 

n 

ED 

46 

n 

ft 

Cl 

OE : 








11 

n 

n 

EO 

5fl 

n 

n 

01 

HL 








21 

n 

n 

2A 

n 

n 

El 

c 

R 

SP 




F9 


OD 

F9 

FO 

F9 

31 

n 

n 

EO 

78 
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DO 
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ft 
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0 
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El 

IV 








FO 
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El 
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ED 
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n 

ED 

73 

n 

n 

DO 

n 

n 
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u 

ft 




REG. 

INO. 

(SPI 

FS 

Dtt 

05 

u 


DO 

E5 

FD 
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NOTE: T lv® Push & P&p Irutructiom idjuit 
the SP ifte* every execution. 


POP 
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16-BIT LOAD GROUP 
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FI 

M* 
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No. of 

No. of M 

Noon 



Mnemonic 

Operation 
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P N 
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c 
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© 
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m ooi 

F9 






LD SP. IY 

SP - JY 

♦ 

• 

X 

« 

X 

• 

• 

« 

11 

in 101 

FO 

2 

2 

10 













11 

111 001 

FS 




qq 

Pair 
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Noies: dd I! any of the register pairs BC, OE. HL, SP 

qq <i aoy of the register pairs Af. BC, OE, HL 

(PA Wh, {PAIR) l refer to high order and low order eight bits of the register pair respectively, 
eg. 8 Ci_ - C, AF^ x A 

Flag Noiation. • - flag not affected, 0 - Mag resei, 1 - flag sat, X = flag is unVnow 
t flag is aflected according to the result of the operation 


C~7 


EXCHANGES 
'EX' AND EXX' 



IMPLIED ADDRESSING 

AF' 

DC'. OE' & HL' 

HL 

IX 

IY 

IMPUEO 

AF 

03 





BC, 

OE 

& 

ML 


09 




OE 



ES 



REG. 

INDIA. 

m 



fa 

00 

E3 

FO 

E3 


BLOCK TRANSFER GROUP 


BLOCK SEARCH GROUP 


DESTINATION 


SEARCH 

SOURCE LOCATION 



REG. 

INOIR. 

- 

REG. 

INDIR, 


(HU 

(HU 



60 

'LOI J - Loed (DE) -’(HU 


EO 

■cpr 



AO 

(nc HL & OE, D«0C 


A1 

Inc HL, Dec BC 



€0 

'LOIR'- lead (DE)-HHLI 


EO 

TPIR' - tnc HL Occ BC 

REG. 

# ri p i 

BO 

Inc HL S D£, Die BC, fliptit until BC - 0 


B1 

rapaM until BC E 0 or Mod match 

INOIR. 


ED 

■LOO'’ loid(OE) — (HD 


EO 




A0 

Dec HL & 06, Ok BC 


A9 

XPO’ - Dec HL&BC 



ED 

'IOOIV- load(OE)-HHU 


ED 

'CPDR' - Oec HL & OC 



66 

Ok HL & OE, Dec BC, RepOfituntil BC * 0 


B9 

Rap^at until BC r 0 or find mtfth 


HL 

pointi to toufca 

HL pointi to location in memory 

OE 

pointi to dntinttion 

to be compared with eccumulator 

80 

it byta counter 

Contend 


BC it byt* eounitf 


C-8 


EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP 



Symbolic 

L Ri 

i< _ 

OpCodc 

No. of 

No. of M 

No.of T 


Mnemonic 

Opnniicm 

j s 

z 


H 


P/V 

H 

c 

76 643 210 

Hex 

By lei 

Cycles 

$t|t« 

Commanti 

EX DE, HL 

DE-HL 

0 

0 

X 

o 

X 

c 

e 

© 

11 

101 Oil 

E8 

1 

1 

4 


EX Af.AF' 

AF-Af 

0 

0 

X 

t> 

X 

© 

a 

O 

00 001 000 

08 

l 

1 

4 


EXX 

/BC — BC J \ 

« 

A 

X 

• 

X 

« 

© 

© 

11 

Oil 001 

09 

1 

1 

4 

Register bank and 


foE-OE' 1 















auxiliary register 


\HL-HLV 















bank exchange 

EX [$P], HI 

H -(SPM) 
L -ISP) 

a 

© 

X 

0 

X 


C 

o 

u 

o 

o 

o 

E3 

1 

5 

19 


EX(SP), IX 

IXh^SPH) 

« 

. 

X 

© 

X 

« 

© 

o 

11 

Oil 101 

DD 

2 

$ 

23 



IX L — ISP) 









11 

100 Oil 

E3 





EX (SP). IY 

iy h -<smi 

o 

0 

X 

© 

X 

© 

s 

« 

11 

ill 101 

FD 

2 

8 

23 



1 Y — (SP) 






© 



11 

ioo on 

E3 





LDI 

fOEMHL) 

0 

© 

X 

0 

X 

f 

0 

© 

11 

101 101 

ED 

2 

4 

16 

Load (HO into 


DE - OE » 1 









10 

100 000 

AO 




(DE). increment the 


HL -HIM 















pomtert and 


8C - 8C 1 















decrement Me byte 
counter (BC) 

LDIR 

(DEMHO 

© ( 

© 

X 

0 

X 

0 

0 

« 

11 

101 101 

EO 

2 

5 

21 

H BC ¥ 0 


DE -OEM 
HL - HL+1 
00 — SC-1 

Repeal unlil 

BC = 0 






© 



10 

110 000 

BO 

2 

4 

16 

If BC “ 0 

LOD 

IDE)— (HL) 


* 

X 

0 

X 

t 

0 

o 

11 

101 101 

ED 

2 

4 

16 



OE - DE I 
HL - III 1 
BC - 8C1 









10 

101 000 

A8 





LDOR 

(OE)-(HL) 

<s 

© 

X ’ 

0 

X 

0 

0 

9 

11 

101 101 

ED 

2 

5 

21 

If 8C*0 


DE - DEM 
HL — HL 1 
BC — BC- 1 
Repeal unlil 
BC = 0 


(?) 




© 



10 

in ooo 

B8 

2 

4 

IS 

If BC = 0 

CPI 

A- (HU 

1 

1 

X 

1 

X 

1 

1 

© 

11 

101 101 

E0 

2 

4 

16 ' 



HL - HL+1 
BC ~ BC 1 


CO 




© 



10 

100 001 

A1 





CPIR 

A - (HL) 

1 

l 

X 

1 

X 

1 

1 

© 

1 1 

101 101 

ED 

2 

5 

21 

If BC* OandAiMHL) 


HL - HL+1 
8C - BC 1 
Repeat until 
A = (H L) or 
BC = 0 


® 




© 



10 

110 001 

B1 

2 

4 

16 

If BC = 0 oc A = (KL) 

CPD 

A - (HL) 

1 

i 

X 

t 

X 

1 

1 

© 

II 

10! 101 

ED 

2 

4 

16 



HL -HL I 
BC — B C- 1 


(?) 




© 



10 

101 001 

A9 





CPOR 

A- (HL) 

t 

i 

X 

1 

X 

1 

t 

© 

1 1 

101 101 

' ED 

2 

5 

21 

If BC t 1 0 and A / (H L) 


HL - HL 1 
8C BC 1 
Repeat until 
A = (H L) or 

ec - o 









10 

111 001 

B9 

2 

4 

16 

If BC = 0 or A - <H L) 


Nous. (L P/V flag is 0 if ihe result of 8C \ = 0. otherwise P/V = I 
(2) 2 flag i$ 1 if A - (HL), otherwise Z - 0. 


flag Notation: * = tlag not aftetted.^Q - flag reset, I r 'lag jet, X - flag is unknown, 

I = flag n affecfed according io the result of ihe operalion. 


C-9 


8-BIT ARITHMETIC AND LOGIC 


\ 


SOURCE 



C-10 


I 


8-BIT ARITHMETIC AND LOGICAL GROUP 



Symbolic 

Fla 


OpCode 

No. of 

Mo. of M 

No. of T 


Mnemonic 

' Operation 

S 

2 


H 


P/V 

H 

c 

76 543 210 

Hex 

Bytes 

Cycles 

States 

Comments 

ADO A. r 

A - A ■+ ( 

1 

1 

X 

1 

X 

V 

0 

l 

10 lotto! < 


1 

1 

4 

( Reg- 

ADO A. n 

A - Ai n 

i 

1 

X 

I 

X 

V 

0 

1 

ii (Effim 


2 

2 

7 

000 B 











- n 





001 C 

010 0 

AOO A. (HO 

A * ArfHL) 

i 


X 

1 

X 

V 

0 

1 

i o tS3S ] 1 1 o 


1 

2 

7 

on e 

AOO A. OX*d) 

A - A+(IX *d) 

i 

i 

X 

\ 

X 

V 

0 

1 

11 Oil 101 

DD 

3 

5 

19 

100 H 











ID [MO] no 





101 L 











- d - 





111 A 

AOO A. (IY*d) 

A-ArflYid) 

i 

1 

X 

1 

X 

V 

0 

1 

11 111 101 
log® 110 

A 

FD 

3 

5 

19 


AOC A, s 

A-Ah+CY 

1 

1 

X 

\ 

X 

V 

0 

1 

— Q — 

[Soil 





S is any of r. n, 

sues 

A - A s 

1 

1 

X 

\ 

X 

V 

1 

1 

1001 





(HO, (IX+dl, 

S8C A, s 

A*A s ■ CY 

1 

1 

X 

i 

X 

V 

1 

1 

ED 





(1 Y *d) as shown for 

ANO s 

A'A a : 

t 

1 

X 

f 

X 

p 

0 

0 

0® 





ADO instruction. 

OR s 

A - A v s 

1 

1 

X 

1 

X 

p 

0 

0 

imn 





The indicated bits 

XOR s 

A ~ A 0 i 

1 

1 

X 

1 

X 

p 

0 

0 

m 





replace rhe foMI in 

CPs 

As 

l 

1 

X 

1 

X 

V 

1 

1 

did 





ihe AOO set above. 

INC r 

i - r + 1 

1 

1 

X 

t 

X 

V 

0 

o 

oo r [033 


1 

1 

4 


INC (HU 

(hlMhlM < 

1 1 

1 

X 

1 

X 

V 

0 

• 

oo n oM 


1 

3 

11 


INC ((Xrd) 

(IX+d) - 

1 

1. 

X 

1 

X 

V 

0 

» 

11 Oil 101 

DO 

3 

6 

23 



UXr-dUl 









oo nuM 
* 






INCOYHJ] 

<IY*d) * 

1 

- 1 

X 

1 

X 

V 

0 


0 

11 111 101 

FO 

3 

6 

23 



<t Y+d}+1 


1 







00 UQfTMl 

^ A 






OECs 

i^S'l 

1 

1 

X 

1 

X 

V 

1 

♦ 

— Q 

rrsn 





s is ? *y of r, (HU, 
(IX+dJ, (IY*df as 
shown for INC. 
OFC same format 
and > tares as INC. 
















Replace 1 100] with 
ToTlio OP Code. ■ 


Notes: The V symbol in the P/V flag column indicates that Iho ?N flag contains the overflow of the result of the 

operation. Similarly the P symbol indicates parity. V = 1 means overflow, V = 0 means not overflow. P = 1 
means parity of the result is even. P - 0 means parity of the result is odd. 

flag Notation: d = flag not affected, 0 = flag reset, I = flag set. X = flag is unknown, 
t ~ flag is affected according to the result of the operation. 


C-11 


GENERAL PURPOSE AF OPERATIONS 


Decinwl Arty it Ate, 'OAA' 

57 

i Complermni Act, J CPL‘ 

2F 

Negate Arr, 'NEG' 

EO 

(?'; comp'fMeni) 

44 

Complement Carry Rag ’CCF' 

tr 

Set Cirry Flag, 'SCF' 

37 


MISCELLANEOUS CPU CONTROL 


'NOP' | 


j 

'HALT' 

i 

DISABLE INT '(01)* 

f3 

• i 

ENABLE INT '(£!>' 

i 

FO 

SET INT MODE 0 

to 

'IU 0' 1 

«6 

SET INT MODE ! 

Ef! 

'iiM r 

56 

SET INT MODE 2 1 

SO 

’IM 2' j 

!_=L_J 


fiOBOA MOOE 

RESTART TO LOCATION f>038h 

tNOiPECT CALL USING REGISTER 
) AND 8 BITS FROM INTERRUPTING 
DEVICE AS A POINTER. 


GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 



Symbolic 

fl i 

9* 

Op-tod* 

No of | 

Wo, of M | 

tte.cf T 


Mnemonic 

Opomion 

S 

z 

n 

« 

L iWV 

H 

C 

7S 

513 

21 fi 

Hex 

tiytes 

Cycl-s 

States 

Cr (iimanl* 

DAA 

Converts acc. 

1 

1 

X 

1 

xTT^ 

a 

i 

00 

100 

*.11 

2? | 

1 

1 

4 

Decimal adjust 


conient into 
packed 6CO 
following add 
or subtract 
with packed 
SGO operands 
















o.ccunv.'lattr 

CPL 

A - A* 

» 


X 

1 

X 

a 

1 

» 

00 

101 

111 

/l : 

1 

1 

4 

Co m pie men i 
accumulator 
(One's compfeme n) 

NEG 

A - A + 1 

1 

1 

X 

1 

X 

V 

1 

1 

11 

101 

1C1 

EO 

2 

2 

6 

Negate ect, (two's 











01 

000 

100 

44 




complement) 

CCF 

CY - CY 

* 

0 

X 

X 

x. 

• 

0 

1 

00 

111 

HI 

3F 

1 

1 

4 

Complement carry 


















M 

8CF 

CY- 1 

• 

0 

X 

0 

X 

o 

0 

\ 

00 

110 

111 

V 

1 

1 


Set carry flag 

NOP 

No operation 

* 

• 

X 

o 

X 

c 

o 

0 

00 000 000 

00 

1 

1 



HALT 

CPU halted 

• 

0 

X 

0 

X 

«f 

0 

0 

01 

110 

110 

76 

1 

1 



Dl 

IFF - 0 

0 

• - 

X 

0 

X 

& 

* 

0 

n 

110 

Oil 

F 3 

1 

1 

1 4 


El 

IFF * 1 

o 

• 

X 

0 

X 

$ 

• 0 

o 

11 

111 

011 

F 0 

1 

1 

4 


IM 0 

$ei interrupt 

o 

« 

X 

• 

X 

e 

o 

o 

11 

101 

101 

ED 

2 

2 

8 



mode 0 









01 

000 

110 

46 





IM 1 

Sei mierrupt 

ft 

e 

X 

O 

’ X 

t> 

• 

0 

11 

Ipl 

101 

ED 

2 

2 

8 



mode 1 









01 

010 

110 

56 





IM 2 

Set interrupt 

* 

• 

X 

6 

X 

0 

a 

St 

11 

101 

101 

, EO 

2 

2 

8 



mode 2 



1 






01 

011 

110 

5E 



, 



Notes: IFF indicate the interrupt enable fhpllop 

CV indicates the carry flip flop. 

Flag Notation: ° = flag not affected, 0 - flag reset, \ r flag sat, X - f In o unknown, 

i = flag n affected according to the result ol the operation, 


C-13 


16-BIT ARITHMETIC 


SOURCE 



BC 

0€ 

HL 

SP 

IX 

IY 


HL 

od 

19 

2d 

29- 



'AO O' 

IX 

DD 

DO 


OD 

00 


09 

19 


39 

29 



IY 

FO 

FO 


FO 


FO 


09 

19 


38 


29 

ADO WITH CARRY AND 

HL 

ED 

EO 

EO 

ED 



SET FLAGS 'AOC* 

4A 

5A 

BA 

7A 



SUB WITH CARRY AND 

HL 

EO 

EO 

EO 

EO 



SET FLAGS 'SBC' 

42 

52 

62 

n 



INCREMENT 'INC' 

03 

13 

23 

33 

00 

23 

FO 

23 

DECREMENT 'DEC' 


08 

IB 

2B 

38 

00 

FO 





2B 

28 


C-14 


1 <>BIT ARITHMETIC GROUP 



Notes: « u any of ihe register pain 8C, OE. HL SP 

pp is any ol (he register pairs 8C, DE. IX. SP 
rr is any of ihe register pairs BC, OE, IY, SP 

flag Nntaiion: * = Hag not affected, 0 - flag reset. ’ - flag set. X - flag n unknown. 

1 = flag is affected according 10 the resull of the operation. 



ROTATE AND SHIFT GROW’ 




Symbolic 


FM 

,J1 

Op'Co& 

fro. of 

Mo.of 

fid of 










9 ! 






n 

T 


Mnemonic 


Operation 

s 

X 


H 


V 

u 

a 

76 $43 210 

He* 

Bytw 

Cyc?^ 

iStstfri 

Commaots 

RLCA 


rm-Qr^ffW 

a 

a 

X 

a 

X 

» 

0 

t 

do ooo in 

07 

1 

1 

4 

Rotate left circular 



A 



t 











accumulator 

ft LA 


1— JCVT— — j> -» — Ot-i- 

0 

0 

X 

0 

X 

4 

0 

1 

00 010 m 

17 

1 

1 

4 

Retale lift 



A 














accumulator 

RflCA 


U -^m-Lgyi 

0 

6 

X 

0 

X 

fi 

0 

t 

oo ooi in 

OF , 

1 

1 

4 

Relate right circular 



A 














accumulator 

RRA 


— ol- 4CV1 1 

« 

» 

X 

0 

x , 

b 

0 

1 

00 Oil 111 

IF 

1 

1 

4 

Relate right 



A 














accumulator 

RLCr 



1 

1 

X 

0 

X 

p 

0 

i 

ii ooi on 

CB 

2 

2 

8 

Rotate left circular 












00 Bool r 





register r 

RLC(HL) 



i 

1 

X 

0 

X 

p 

0 

1 

n ooi on 

CB 

2 

4 

15 

r Reg. 












oo logo] no 





OOO B 

RLCOX+dl 


m-i-l7— aiJ 

J 

1 

X 

0 

X 

p 

0 

1 

ii on ioi 

OD 

4 

6 

23 

001 C 

010 0 



r,(H U,|lX+d),{l Y+tff 









11 OOI 011 

CD 




Oil E 












- d 





100 H 












oo toool 110 





101 L 

111 A 

RLCdV+dJ 



i 

1 

X 

0 

X 

p 

0 

i 

11 111 101. 

FD 

4 

6 

23 













ii ooi on 

- d - 

00 g§] 110 

CO 




1 

RL» 



\ 

1 

X 

0 

X 

p 

0 

l 

EBB 





Instructian lorqrai and 



s = r,(HLI,|IX+d),(IYr<l) 














states ire « shown lor 
RLC'l To form new 

ARCt 


LF^-MCy] 

\ 

l 

X 

0 

X 

p 

0 

1 

ffl 





Op Cod-j replace [0001 



|S r ,(HL),IIX-td),(IV-Kl) 














of RLC’l with shown 
code 

Rfl s 


l^^-*[c7p 

1 

1 

X 

0 

X 

p 

0 

1 

ED 








» =/,{HL),IIXr<l),(l Y+rl) 













! 

1 

SLA c 


fCVH-= — |7^=B1— -0 

l 

t 

X 

0 

X 

p 

0 

1 

ffl 








t = r^HU.dX^J.OY+d) 















SRA i 



1 

l 

X 

0 

X 

p 

0 

\ 

m 








» =r,(HL),(IX'Kl),(l YHI 















SR L s 

0m>|7 —**• D]— 

1 

1 

X 

a 

X 

p 

0 

l 

ED 








t = r,IHl),(IX+d),(IY<-tl) 















RLO 

A (7-413-51 MI^OHm 

] 

1 

X 

0 

X 

p 

0 

0 

U 101 101 

ED 

2 

5 

id 

Rotate digit left and 












oi ioi in 

OF 




right between the 

accumulaior 

and location { H L). 

RRD 

7 

1 

t 

X 

0 

X 

p 

0 

6 

n ioi ioi 

ED 

2 

5 

18 

The content of the 










1 

01 100 111 

67 




upper hall M the 
accumulator is 
uoaffected 



Flag Notation: o *= fkg no* allotted, 0 a flag reset, 1 = flag 1 * 1 , X - flag is unknown, 
t K fleg is affected according to the recult of ihe operation. 


C-17 


BIT MANIPULATION GROUP 



REGISTER AODRESSIHC 

RES. 

1HDIR. 

IBDEXEO 

BIT 

A 

a 

C 

0 

E 

H 

l 

(ML) 


(IYH) 


0 

CB 

00 

C8 

ca 

CB 

CB 

CB 

ca 

DO 

ce 

r D 

ce 


47 

40 

41 

42 

43 

44 

45 

46 

At- 

d 

AS „ 



CO 

CB 

CB 

CB 

CO 

CB 

CB 

CB 

DO 

CB 

fo 

CB 


1 

4F 

48 

49 

4A 

4B 

4C 

40 

4E 

d 

4E 

d 

4E 


2 

CB 

CB 

CB 

C8 

CO 

CB 

CB 

ca 

DO 

ca 

ca 


57 

50 

51 

52 

53 


55 

55 

d 

56 

d 

56 



CB 

CB 

ce 

CB 

CB 

ce 

CB 

CB 

I oo 

CS 

FO 

CB 

TEST 

'BIT' 

3 

5F 

59 

59 

SA 

58 

' 5C 

50 

5E 

d 

SC 

d 

6£ 


CB 

CB 

C8 

CB 

CB 

CB 

CB 

CB 

OD 

CS 

FO 

CB 


4 

67 

60 

61 

62 

$3 

64 

65 

68 

d 

66 

a 

66 


5 

CB 

CB 

C8 

CB 

" CB 

CB 

Cd 

CB 

OD 

ce 

FO 

CB 


6F 

£3 

63 

6A 

60 

6C 

6D 

6E 

d 

6E 

d 

ae 



CB 

CB 

C8 

C8 

C^ 

CB 

ce 

CB 

OO 

ca 

FO 

ce 


0 

77 

70 

71 

7? 

73 

74 

75 

76 

d 

. 

d 

76 


7 

CB 

C8 

C8 

CB 

ca 

CB 

CB 

CB 

OD 

ca 

FO 

ce 


?F 

78 

79 

7 A 

70 

?C 

70 

7E 

d 

7£ 

d 

7£ 


0 

CB 

CB 

C8 

CB 

CB 

CB 

CB 

C8 

DO 

CS 

rc — 
ce 


87 

80 

81 

82 

B3 

84 

85 

86 

d 

66 

d 

B6 


1 

C8 

C0 

CB 

CB 

CB 

CB 

CB 

CB 

— DO 

CS 

~nr ■ ■ 

CB 


1 

0F 

88 

89 

8A 

86 

8C 

80 

8E 

d 

6E 

d 

BE 


A 

ce 

ce 

CB 

CB 

CB 

ca 

CB 

CB 

55 

ca 

c-6 

ce 


l 

97 

90 

91 

92 

93 

94 

95 

96 

ri 

96 

<5 

96 


3 

08 

CB 

CB 

CB 

CB 

CB 

CB 

CS 

OO 

CS 

FO 

ce 

RESET 

9F 

98 

99 

9A 

9B 

9C 

90 

9E 

d 

91 

d 

ee 

BIT 

A 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

00 

CS 

FO 

ce 

'RES' 

‘A 

A7 

AO 

A1 

A2 

A3. 

A4 

A5 

A6 

d 

Afl 

d 

At 


c. 

* 

CB 

CB 

CB 

ce 

CB 

ce 

CB 

ca 

"'BIT" 

CB 

TCT “ 
ce 



AF 

A8 

A9 

AA 

AS 

AC 

AO 

AE 

d 

AE 

d 

AE 


1 

6 

C6 ! 

CB 

CB 

C8 

ca 

CB 

ca 

ca 

OO 

ce 

F O I 

ce 


B7 

BO 

B 1 

82 

83 

84 

85 

B6 

d 

ge 

d 1 

, 06 


i | 

CO 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

OD 

ce 

FO j 
ce 


7 1 

SF 

B8 

89 

8A 

BR 

BC 

BO 

BE 

d 

d . i 



J 





BF 



0 

CB 

ce 1 

CO 

CB 

CB 

C8 

C8 

CB 

OO 

ce 

f o 
ce 


! C7 

CO 

Cl 

C2 

C3 

04 

C5 

C6 

d 

C6 

d 

C6 


\ 

C8 

ca 

CO 

CB 

ce 

C8 

ca 

ce 

OD 

CB 

fO 

CB 


- 

CF 

C8 

C9 

CA 

CB 

CC 

CO 

CE 

d 

CE 

d 

C£ 



CB 

CB 

ce 

CB 

ca 

CB 

CB 

ce 

OO 

ce 

f D 

ce 


/ 

07 

DO 

0) 

02 

03 

04 

05 

06 

d 

DA 

d 

Dfi 


3 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

Cfl 

DD 

CB 

FO 

ca 

SET 

OF 

08 

09 

DA 

OB 

OC 

00 

OE 

o 

Dt 

d 

BIT 

'SET' 

4 

CO 

CO 

C8 

CB 

CB 

C8 

C8 

CB 

OD 

CB 

FO 

C6 

E7 

EO 

El 

E2 

E3 

E4 

E5 

E6 

d 

d 








__t6 



C 

CB 

CB 

CB 

ce 

CB 

CB 

CB 

CB 

00 

ce 

' FO 
CB 


3 

EF 

EB 

E9 

• EA 

EB 

EC 

ED 

EE 

d 

£6 

d 

EC 


6 

ca 

C8 

CB 

CB 

CB 

CB 

CB 

CB 

DO 

CB 

FO 

ce 


F7 

FO 

FI 

F2 

F3 

F4 

F5 

F6 

o 

F6 

d 

f 5 


7 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

CB 

DO 

CB 

F 0 
ce 


FF 

F8 

F9 

J=A 

FB 

FC 

FO 

FE 

a 

f€ 

d 

F£ 


BtT SET, RESET AND TEST GROUP 


Mnemonic 

Symbolic 
0 (nation 

FI* 

it 

Op-CecU 

Mo, of 
Bytw 

tk>*m 

Cyck* 

fWT 

Stitt* 

ComrawntJ 

S 

z 


H 


m 

fit 

c 

71 541 

210 

Hex 

BIT b, r 


X 

t 

X 

1 

X 

X 

0 

ft 

11 

001 

Oil 

00 

2 

2 

8 

r 

Reg, 











01 

b 

t 





000 

B 

OIT b, (KU 

Z - fiulb 

X 

1 

X 

1 

X 

X 

0 

Q 

n 

tel 

Oil 

OB 

2 

3 

12 

001 

C 










ot 

b 

no 





010 

D 

BIT b, ?X*n b 

z - flx^b 

X 

i 

X 

1 

X 

X 

0 

ft 

H 

Oil 

101 

OD 

4 

5 

20 

on 

E 











ii 

001 

on 

CB 




100 

H 











- 

d 

- 





101 

L 











01 

b 

no 





til 

A 


















b 

8il Totted 

BT b, (IYm) b 

Z * (TvT^b 

X 

J 

X 

1 

X 

X 

0 

0 

11 

111 

101 

TD 

4 

5 

20 

000 

0 











11 

001 

Oil 

C8 




001 

1 











* 

d 

- 





010 

2 











01 

b 

na 





on 

3 


















100 

4 


















101 

5 


















no 

6 


















in 

7 

SETb, r 

( b - 1 

« 


X 

0 

X 

0 

© 

ft 

11 

001 

Oil 

CB 

2 

2 

a 













ID 

b 








SET b, (HL) 

<HU b - 1 

ft 


X 

ft 

X 

« 

ft 

9 

ii 

001 

on 

CB 

2 

4 

15 




1 









m 

b 

no 







SETb, (IX-KJ) 

(IX*d) b - 1 

• 

• 

X 

ft 

X 

a 

0 

ft 

ii 

Oil 

101 

00 

4 

6 

23 











1 


n 

001 

Oil 

CB 







1 

1 








* 

d 

- 

















ID 

b 

no 







SETb. (IYf<J) 

(IY+d) b - 1 

e 

• 

X 

9 

X 

• 

* ! 

i • 

1 1 

in 

101 

FO 

4 

6 

23 













ii 

001 

Oil 

CB 














i 

1 

- 

d 

- 














i 

i 

1 

ED 

b 

no 







RESb,t 

*b - 0 

1 








na 







To lorm new O p 


t =r. (HL), 
















Code ttplace QT; 


(IX+d), 





1 










ol SET b, l with 


(lYfd) 
















(TCH Flags and ti ne 




I 













Hates (or SET 




■ 

1 












i 

iniiTucuon 


Nolei: The notation indicates bit b 10 to 7) or locilion i_ 

Fl*g Notation: • ■ (leg not nHected, 0 ■ flag rmt. 1 ■ (lag wt, X ■ Hag n unknown, 

) > flag it aMecied tctording to ths r«uh ol the operation. 


C-1 9 


JUMP GROUP 


CONDITION 



UM 

COMO. 

OIAY 

mom 

ms 

NOK 

JIR-0 

r«iiY 

tV[H 

rjuiiY 

000 

new 

MFC 

mn 

K>\ 

«tc 
• /O 

JUMP 4 JP' 

IMMED 

EXT- 

nn 

w 

<1 

n 

— w 

n 

. ft 

a 

ft 

U 

n 

ft 

ci 

n 

ft 

(A 

n 

ft 

ti 

0 

ft 

n 

n 

0 

n 

r 


JUMP UP’ 

RELATIVE 

PC** 

16 

e-2 

38 
* - 2 

30 

0-2 

28 
* 2 

20 

• 2 






JUMP *JP' 

REG. 

INDIR. 

(Hi) 

ft 










W*£P 'JP' 

(IX) 

OD 

Ed 










JUMP ’JP’ 

(IV) 

FD 

£9 










OECREMENT fl. 
JUMP IF NON 
ZERO ONJI' 

RELATIVE 

PC - e 





_ 






10 
o 2 


JUMP GROUP 



Symbolic 


Fit 


Op-Code 

No. of 
Byt« 

ttaoTM 

Cydn 

NOjoI T 
Statti 

Corantentt 

Mjvc^orwt 

Qp*r»tion 

S 

Z 


H 


F/V 

h 

c 

76 W3 210 


JP nn 

PC - nn 

© 

© 

X 

0 

X 

© 

© 

« 

ii ooo on 

C3 

3 

3 

10 : 













* n 
- n 





CC 

Condition 

JP cc, nn 

If condition cc 

c 

o 

X 

0 

X 

6 

• 

o 

11 cc 010 


3 

3 

10 

000 

NZ non ?ero 


it true PC - nn, 









- n 





OOl 

2 nro 


olherwiB 









* n 





010 

NC non carry 


contmus 














on 

C carry 
















100 

PO parity odd 
















101 

PE parity even 
















no 

P tign positive 

Jft e 

PC * PC ^ e 

• 

© 

X 

© 

X 

« 

0 

© 

00 011 000 

18 

2 

3 

12 

in 

M sign ne^tive 











* e 2 - 







JR C,« 

ff C * 0. 

© 

• 

X 

© 

X 

• 

» 

© 

00 111 000 

38 

2 

2 

1 

11 condition not met 


continue 









- e-2 - 








If C M. 











2 

3 

12 

If condition it met 


PC * POt 
















JR NC, e 

If c- 1. 

a 

o 

X 

1 © 

1 

X 1 

1 * 

«> 

! • 

oo no ooo 

30 

2 

2 

7 

tl condition no* -ret 


continue 

1 

1 



1 





- e-2 - 







j 

|lf Cv 0, 

1 



i 


i 

1 

i 



2 

3 

12 

If condition ir r^ei 

i 

PC - PC*e 



1 

1 

i 



i 









JRZ.e i 

,M Z = 0 

* j 

1 • 

X i 

1 c . 

1 X 

© 

j 0 

• 

00 101 oco 


1 

2 

7 

If condition not m*i 

1 

jcmtinvt 

1 

1 

i 

| ; 

1 


l 


- 9-2 - 

1 






1 

l i 

] 

1 

i 

1 


i 



i 

2 

3 

12 

If condition it mot 


PC - PCh? 1 

i 1 

i 


i 












JR N4 e 

U Z - i. 

• 

-■ i 

: x i 

* 

X 

© 

; * 

i « 

00 101 000 

20 

1 

2 i 

1 7 

If condition not met 


conimue 

j i 


1 

i 

1 


i 


- *2 - 

1 






i 


j 

j 

1 

; 

, 




1 

l 

1 2 

1 1 

|12 

It coT'dition it 

l 

-C ' PC** 

'■ I 

1 



1 



i 

, 

1 




1 



JR (ML 

' HL 

r : 

■- ! 

X 

e 

x 

- 

* 

© ■ 

i 

ii in on, 

F3 

i l 

i 

1 j4 



J c lU, 

i 

i 

i* ; 

i 

x 


1 x 

M 


9 1 

,ii on i n 

\ 

l 

: 2 

„ © 






I 


i 

1 1 
1 

1 

! 


i 

11 101 001 

e? i 


i 

i 



jp (iy> ; 

PC - IY ! 

i 

i « ; 

O | 

1 x 1 

“ 1 

' X 1 

1 * 

* 

! * 

n in tpt 

r-D ; 

i > 


8 





1 J 

1 

1 

i 






, ) i toi 

a ! 

| 





DJNZ, e 

B - 01 

i 

1 • 1 


X 1 

1. i 

1 

1 X I 

!. 1 
* 

1 © 

1 

o 

00 010 ooo 

1° 

1 2 

i 

Is 

If E - 

0 


If B -- 0. 

l i 




i 1 

1 

1 

i 


• *-2 * 



! 

I 




continue 

: 

j 


1 

1 







1 




i 

! I 9 / 0, 

i ■ 

1 

; i 

i ; 

1 






; 2 


= 13 

n e v o 

|PC - PC*t 

- 

1 

; ! 


i 1 

i 

i 


. 

i i 

1 

i' ; 

1 




Not«: s :epretenu (he ei : ension in the relative addreuing mode. 

e it a tigned iwo's com^emeAt numhp? in the range <1 >6, \ ?9> 

e-Z'in the op code cr c-vida an elfeclv? jddiest of pcH at PC it 
incremented by 2 frier lo (he addition ol e. 

flag Notation: ° ® flag not affected, *0 = flag reset, 1 - flag let. X - flag is unknown, 
i = flag it affected according to the remit of the operation. 


C-21 


CALL AMD RETURN GROUP 


CONDITION 





UN> 


HON 


NON 

PARITY 

PARITY 

SIGN 

SIGN 

REG. 




COND. 

CARR V 

CARRY 

2ER0 

ZERO 

EVEN 

ODD 

MEG. 

POS. 

Bf>0 

'CALL' 

IMMEO 

EXT. 

ft n 

CO 

n 

n 

DC 

ft 

n 

D4 

fi 

n 

cc 

n 

. n . 

C4 

n 

n 

EC 

a 

n 

£4 

n 

n 

FC 

n 

n 

F4 

ft 

ft 


RETURN 

■RET' 

REGISTER 

INOIR. 

($P) 

(sp+n 

C9 

D8 

DO 

C6 

CO 

£8 

EO 

F8 

FO 


i 

RETURN FROM 

REGISTER 

(SP) 

EO 










HJT/RETI' 

INDIR. 

(SP+1) 

4D 










RETURN FROM 
NONMASKABLE 
INT 'RETN' 

REGISTER 

INDIR. 

ISP) 

(SP*I) 

ED 

At 



1 








NOTE - CERTAIN 
f LAGS HAVE MORE 
THAN ONE PURPOSE. 

REFER TO 280-CPU 
TECHNICAL MANUAL 
FOR DETAILS. 

RESTART GROUP 



OP 

CODE 







0000 H 

C7 

■RST 0' 


g 

CD 

Cf 

'AST 8' 

C 




A 

O010 H 

w 

'RST 16' 

L 





O0 1 8 h 

Of 

'RST 24' 

A 




0 




D 

0020 H 

i ° 

'RST 32’ 

R 




E 


r L ■ r "^ 


S 

0028 h 

IP 

i 

'RST 40' 

s 





0030 n 

n 

r RST4a' 


0036 h 

fV 

'RST &6' 


C-22 



CALL AND RETURN GROUP 



Symbol* 

Fla 


Op^Cods 

No. of 

Nojo! M 

Hfljof T 




Mntmomc 

Oparatmn 

S 

2 


H 


m 

N 

c 

70 

m 

210 

Rax 

Bytes 

Cycto* 

Stitts 

Comments 


CALL nn 

T5pT> * PC K 

» 

i 

X 

0 

X 


ft 

5 

1 1 

00) 

101 

CD 

3 

5 

17 





ISP - PC L 









- 

n 

- 









PC - nn 










r> 

‘ , 








CALL cc, nn 

ff condition 

a 

0 

X 

o 

X 

« 

» 

ft 

11 

cc 

100 


3 

3 

10 

If cc 

is farse 



CC it false 









- 

n 

- 1 









continue, 
otherwise 
»me <i 
CALL nn 









~ 

1 

■i 

- 


3 

5 

17 

If rc 

is true 


REV 

PC L - (SP) 
PC H - (SPOJ 

9 


X 

ft 

X 

$ 

6 

ft 

n 

001 

001 

C9 

t 

3 

10 




RET cc 

If condition 
cc is false 

ft 

* 

X 

ft 

X 

* 

* 

ft 

M 

cc 

000 


1 

1 

5 

If cc 

is false 



continue. 













1 

3 

1 1 

If cc 

is irue 



otherwise 
















cc 

Condition 


same as 
















000 

N2 

non zero 


RET 
















001 

1 

tero 


















010 

NC 

non carry 

ftETI 

Return from 

ft 

• 

X 

ft 

X 

« 

ft 

ft 

n 

101 

101 

ED 

2 

4 

14 

011 

C 

carry 

RETN' 

interrupt 









01 

001 

101 

40 




100 

PO 

parity odd 

Return from 

ft 


. X 

ft 

X 

« 

ft 

ft 

1 1 

101 

101 

to 

2 

4 

14 

101 

PE 

par’ty even 


non maskable 









£n 

000 

101 

45 




110 

P 

sign positive 


interrupt 
















ni 

M 

sign negative 

RST p 

(SP I) - PC H 
(SP-2) * PC L 
PC H - 0 
PC L - p 

ft 


X 

ft 

X 

• 

ft 

ft 

n 


in 


1 

■ 

3 

11 

t 

P 



















000 

00K 



















001 

08K 



















01G 

1 0K 



















011 

I8H 



















100 

20H 



















101 

2 8 H 



















no 

30H 



















111 

33H 



1 RETN load* IFF 2 - ! F F 1 


Flag Notation: * - 1 flag not affected, 0 ■ fteg tmi. 1 M flag sal, X * flag u unknown, 

! ° flag ii effected according to iho result ol the operation. 


C-23 


INPUT GROUP 


INPUT 

DESTINATION 


PORT AODfUSS 





IMMED. 

REG. 

INDIA, 




n 

(Cl 

’ — ! 

fl 

E 

A 

00 

n 

EO 

78 


G 

n 


E 0 



u 


40 


A 

r 


ED 


D- 

u 


48 

INPUT 'IN' 

D 

ft 

0 


EO 

SO 


£ 

E 


EO 


S 


S8 


s 

H 


ED 


1 


BO 


w 

G 

L 


EO 

68 

INI' - INPUT & 




EO 

Inc H L. Dec B 




A2 

' 1 N I R - IN P. Inc ML. 




EO 

Dec B. REPEAT If BA) 

REG 

OUi 


62 

''Nfr ■ input a 

1 NO! R 


ED 

Dec H i ( Otc B 




AA 

INIJR' INPUT. Dec HL 




FO 

Cec B REPEAT |f- BAI 




BA 


OUTPUT GROUP 


sounce 





REGISTER 

REG. 

IND. 




A 

B 

C 

0 

E 

H 

L 

(HU 

'OUT 

IMWEQ 

n 

03 

n _ 








' REG 

; tci 

in 1 

1 ED 

EO 

ED 

EO 

ED 

£0 



INF 

79 

41 

49 

51 

59 

$1 

69 


’OUT!’ - OUTPUT 

REG 

(C) 








to 

Inc H L Dec b 

1 INC. 








A3 

OTIR- - OUTPUT, Inc H L. 

Rff. 

(Cl 








EO 

Dec 6. REPEAT IF ft*0 

INO 








63 

'OUT D' - OUTPUT 

Reg 

(Ci 








£0 

Dec ML Dec 6 

( ND 








AB 

OTOR -OUTPUT, Dec HL 

ftf G 

{Cl 








EO 

Dec B, REPEAT if B i 0 

JNO. 







1 

88 


PORT 

destination 

ADDRESS 


> block 

OUTPUT 

COMMANOS 


C24 


INPUT AND OUTPUT QROUf 


Mn i ilif 

IN A. in) 

IN r, (0 

INI 
INI R 

I NO 
I NO ft 

OUT In). A 
OUT (0. r 

OUTI 

OTIft 

OUTO 

OTOR 


Symholrc 

Dpmnon 

^3* 

Op Code 

No. of 
Bytes J 

No. of M 
Cydts 

No. of r 
States 

Comments 

S 

1 


M 


p/y 

fj 

c 

76 

w 

210 

Hex 

A * In) 

® 

» 

X 

» 

X 

© 

4 

o 

n 

Oil 

on 

OB 

1 . 

T 

11 

n to Aq A 7 




, 






- 

n 

► 





Acc 10 Ag ' A 1 ^ 

/ - IO 

1 

1 

X 

1 

X 

p 

0 

0 

1 1 

101 

101 

CO 

2 

3 

12 

C lo Aq ^ A 7 

iff - 1 1 0 only 









01 

r 

000 





B to Ag "* A j ^ 

ihe flags will 

















be affected 

















(HO - <C) 

X 

1 

X 

X 

X 

X 

1 

* 

! 1 

101 

101 

eo 

2 

-1 

IS 

C to Ag 

8 - B 1 









10 

100 

010 

A2 




B to Ao - A l5 

ML *IILO 

















(MO - <C) 

X 

) 

X 

X 

X 

X 

) 

0 

1 1 ' 

101 

101 

£0 

7 

5 

2 ) 

C 10 Aq ^ A J 

6 * B ■ l 









10 

no 

010 

G2 


(1(8*0) 


(1 IO Ag - - 

ML - 1 1 L + \ 













2 

4 

16 


Repeat until 














Mf 8 = 0) 



8 - 0 



















0) 















IHt) - (0 

X 

1 

X 

X 

X 

X 

1 

0 

11 

101 

101 

£0 

l 

4 

16 

C to Aq ^ A 7 

B - B 1 









10 

101 

010 

AA 




0 (o Ag - A^ 

H 1. * II L 1 

















(ML) - (Cl 

X 

\ 

X 

X 

X 

X 

1 

© 

11 

1 01 

101 

ED 

X 

G 

21 

C IO Aq ^ A} 

8-81 









10 

111 

010 

1 BA 


(If B * 0 ) 


8 lo Ag ^ A ^ ^ 

III - HL- 1 













2 

4 

IS 


Repeat untii 














Mf B = 0 ) 



8 0 

















(ni - A 

o 

c 

X 

0 

X 


4 

• 

M 

010 

Oil 

OT 

2 

3 

11 

n to Aq ■" A7 

















Acc 10 Ag A^ 

(0 - ( 

• 

o 

X 

if 

X 

o 

o 

o 

U 

101 

101 

ED 

2 

3 

12 

CIO Aq- A7 










01 

f 

001 





B to Ag ^ A l& 



CO 















(C) (HL) 

X 

1 

X 

X 

X 

X 

1 

*> 

I 1 

101 

101 

6U 

2 

4 

16 

C 10 Aq A7 

B - 8 - 1 









10 

100 

on 

A 3 




8 10 Ag A,g 

ML OILU 

















(0 - (HU 

X 

1 

X 

X 

X 

X 

1 

o 

11 

101 

101 

EO 

2 

5 

21 

C10 Ag' A 7 

8 * B -\ 









10 

110 

on 

B 3 


M( B f 0 ) 

1 

8 to Ag ^ 

ML - HI. + 1 













2 

4 

16 


Repeat until 














in e = o) 



9=0 



















© 















(C) * (HU 

X 

1 

X 

X 

X 

X 

1 

o 

1 ) 

101 

101 

£D 

2 

4 

IS 

C to Aq ~~ A 7 

B B 1 









10 

101 

on 

A8 




B to A fi - A 1S 

ML - ML ■ 1 

















(0 - (HO 

X 

1 

X 

X 

X 

X 

l 

0 

n 

lOf 

101 

EO 

2 

5 

21 

C to Aq ^ A} 

B * G ■ 1 









10 

111 

Oil 

8 B 


(If 8 * 0 ) 


B to Ag ^ Ai ^ 

III - HL 1 













2 

4 

16 


Repeat until 














(If 8 = 0 ) 



B = 0 













1 



i 


Notes: (7) If lha result of B 1 is. zero the 2 flag is sot, oihmv.se it >s reset. 


Hag Notation: ® = flag not alfecicd. 0 = flag reset, 1 = Nag set* X = flag ij unknown. 
J - flag is affected according to the mull of the operation. 


C-25 


Z80— CPU 
INSTRUCTIONS 
SORTED BY 
OP-CODE 


"obT 

CODE 

SOURCE 

STATEMENT 

ou 

NOP 

018405 

ld bc,nn 

02 

LP (BC'l.A 

03 

INC BC 

04 

INC B 

05 

DEC 8 

0620 

LD B,N 

07 

RLCA 

08 

EX AF,AF' 

09 

ADD HL,BC 

0A 

LD A,(BC) 

0B 

DEC BC 

0 C 

INC C 

OO 

DEC C 

0620 

LD C,N 

OF 

ftftCA 

1 02E 

DJNZ DIS 

118405 

LD DE.NN 

12 

LD (DEI. A 

13 

INC DE 

14 

INC D 

15 

DEC D 

1620 

LD D.N 

17 

RL A 

1825 

JR DIS 

19 

ADD HL,DE 

1 A 

LD A.(DE ) 

IB 

DEC DE 

1C 

INC E 

ID 

DEC E 

IE 20 

LO E.N 

IF 

RR A 

202E 

JR NZ,D1S 

218405 

LP HL.NN 

228405 

LD (NN),HL 

23 

INC HL 

24 

INC H 

25 

DEC H 

2620 

LD H,N 

27 

OAA 



JR Z , D 1 5 

29 

ADD H L,HL 

2A8405 

LD HL.tNN) 

2B 

DEC HL 

2C 

INC L 

2D 

DEC L 

2E20 

LD L,N 

2F 

CPL 

302E 

4R NC,DIS 

318405 

LD SP.NN 

328405 

LD <NNLA 

33 

INC SP 

34 

INC (HL) 

35 

DEC (HU 

3620 

LD <HL),N 

37 

SCF 

382E 

JR C.DIS 

39 

ADD H L,SP 

3A8405 

LD A,(NN) 

3B 

DEC SP 

3C 

INC A 

3D 

DEC A 

3E20 

LD A.N 

3F 

CCF 

40 

LD B,B 

41 

LD B.C 

42 

LD B,D 

43 

LD B,E 

44 

LD B,H.NN 

45 

LD B,L 

46 

LD BJHLI 

47 

LD B,A 

48 

LD C,B 

49 

LD C,C 

4A 

LD C,D 

4B 

LD C,E 

4C 

LD C,H 

4D 

LD C,L 

4E 

LO C,(HL| 

4F 

LD C, A 

50 

LD D,B 

51 

LD D,C 

52 

LD D ( D 

53 

LD D t E 

54 

LD D,H 

55 

LD D.L 

56 

LD DAHL) 

57 

LD D,A 


EHRaaBBnvwn 



1 58 

LD E,B 

1 59 

LD E,C 

5A 

LD E,D 


LD E,E 

1 5C 

LD E,H 

5D 

LD E,L 

5E 

LD E,(HL } 

1 5F 

LD E,A 

I 60 

LD H,B 

61 

LD H,C 

R 62 

LD H.D 

8 63 

LD H ( E 

1 64 

LD H,H 

65 

LD H.L 

66 

LD HJHU 

67 

LD H, A 

68 

LD L,B 

69 

LD L,C 

6A 

LD L.D 

66 

LD L,E 

6C 

LD L,H 

60 

LD L.L 

6E 

LD L,(HL) 

6F 

LD L,A 

70 

LD (HLJ.B 

71 

LD iHL),C 

72 

LD (HL ) ,0 

73 

LD (HL),E 

1 74 

LD (HL),H 

75 

LD {HL J, L 

1 76 

HALT 

H 77 

LD (HL),A 

78 

LD A.B 

79 

LD A,C 

1 7 A 

LD A,D 

7B 

LD A,E 

7C 

LD A,H 

70 

LD A,L 

7E 

LD A,(HL) 

7 F 

LD A, A 

80 

ADD A,B 

81 

ADD A.C 

82 

ADD A,D 

83 

ADD A.E 

84 

ADD A.H 

85 

ADO A, L 

86 

ADD A.IHL) 

87 

ADD A, A 
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fiESEaB*® 

f 88 

ADC A.B 

80 

ADC A,C 

8A 

ADC A.D 1 

6B 

ADCA.E I 

8C 

ADC A,H 1 

80 

ADC A,L | 

8E 

ADC AJHL) 

8F 

ADC A, A I 

90 

SUB 8 

91 

SUB C 

92 

SUB D 

93 

SUB E 

94 

SUB H 

95 

SUB L 

96 

SUB (HU 

97 

SUB A 

98 

SBC A, 8 

99 

SBC A.C 

9A 

SBC A,D 

98 

SBC A.E 

90 

SBC A.H 

90 

SBC A,L 

9E 

SBCA,(HL} 1 

9F 

SBC A, A 

AO 

AND B 

A1 

AND C § 

A2 

AND D 

A3 

AND E 

A4 

AND H 

A5 

AND L 

A6 

AND (HL) 

A7 

AND A 

A8 

XOR B 

A9 

XOR C 

AA 

XOR D 

A8 

XOR E 

AC 

XOR H 

AD 

XOR L 

AE 

XOR (HU 

AF 

XOR A 

BO 

OR B 

B1 

QR C 

62 

OR 0 

B3 

OR E 

B4 

OR H 

B5 

OR L 

B6 

OR (HI) 

B7 

OR A 


I 88 

CP B 

I 89 

CPC 

I BA 

CP D 

j 8B 

CP E 

I BC 

CP H 

1 BD 

CP L 

BE 

CP (HL) 

BF 

CP A 

CO 

RET NZ 

Cl 

POP BC 

C28405 

JP NZ.NN 

C38405 

JP NN 

C48405 

CALL NZ,NN 

C5 

PUSH BC 

C620 

ADD A,N 

C7 

RST O 

C8 

RET Z 

C9 

RET 

CA8405 

JP Z.NN 

CC8405 

GALL Z,NN 

CD8405 

CALL m 

CE20 

ADC A.N 

CF 

RST 8 

00 

RET NC 

D 1 

POP DE 

D28405 

JPNC.NN 

D320 

OUT <N).A 

D48405 

CALL NC.NN 

D5 

PUSH DE 

D620 

SUB N 

07 

RSJ 10H 

D8 

RET C 

D9 

EXX 

DA8405 

JP C.NN 

DB20 

IN A,(NI 

DC8405 

CALL C.NN 

DE 20 

SBC A.N 

DF 

RST 18H 

EO 

RET PO 

El 

POP HL 

E 28405 

JP PO.NN 

E3 

EX ($P),HL 

E48405 

CALL PO.NN 

E5 

PUSH HL 

E620 

AND N 

E 7 

RST 20H 

E8 

RET PE 


JP (HU 


EA8405 

JP PE.NN 

EB 

EX DE.HL 

EC8405 

CALL PE.NN 

EE20 

XOR N 

EF 

RST 28H 

FO 

RET P 

FI 

POP AF 

F28405 

JP P,NN 

F3 

Dl 

F48405 

CALL P.NN 

F5 

PUSH AF 

F620 

OR N 

F7 

RST 30 H 

F8 

RET M 

F9 

LD $P,HL 

FA8405 

JP M,NN 

FB 

El 

FC8405 

CALL M ,NN 

FE20 

CRN 

FF 

RST 38H 

CBOO 

RLC B 

CB01 

RLC C 

CB02 

RLC D 

CB03 

RLC E 

CB04 

RLC H 

CB05 

RLC L 

CB06 

RLC (HL) 

C0O7 

RLC A 

CB08 

RRC B 

CB09 

RRC C 

CBOA 

RRG D 

CBOB 

RRC E 

CBOC 

RRC H 

CBOD 

RRC L 

C80E 

RRC (HL) 

CBOF 

RRC A 

CBtO 

RL B 

CB1 1 

RL C 

CB12 

RL D 

CB13 

RL E 

CBM 

RL H 

CB1S 

RL L 

CB16 

RL (HU 

CB1 7 

RL A 

CB18 

RR B 

CB19 

RR C 

CB1 A 

RR D 

C61B 

RR E 
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CB1C 

CB10 

CB1E 

CB1F 

CB20 

CB21 

CB22 

CB23 

CB24 

CB25 

GB26 

CB27 

CB28 

CB29 

CB2A 

CB2B 

CB2C 

CB2D 

CB2E 

CB2F 

CB38 

CB39 

CB3A 

*CB3B 

CB3C 

CB3D 

CB3E 

CB3F 

CB40 

CB41 

C84 2 

CB43 

CB44 

CB45 

CB46 

CB47 

CB48 

CB49 

CB4A 

CB4B 

CB4C 

CB4D 

CB4E 

CB4F 

CB50 

GB51 

CBS 2 

CBS3 


RR H 
RR L 
RR (HL) 
RR A 
SLA 0 
SLA C 
SLA D 
SLA £ 

SLA H 
SLA L 
SLA (ML) 
SLA A 
SRA G 
SRA C 
SRA D 
SRA E 
SRA H 
SRA L 
SRA (ML) 
SRA A 
SR L B 
SR L C 
SRL D 
SR L E 
SRL H 
SRL L 
SRL {HU 
SRL A 
BIT 0,0 
BIT 0,C 
BIT 0,0 
BIT O.E 
BIT O.H 
BIT O.L 
BIT 0. (HI ) 
BIT 0, A 
BIT 1.B 
BIT l.C 
BIT 1,D 
BIT 1.E 
BIT 1.H 
BIT 1.L 
BIT UHL) 
BIT 1,A 
BIT 2,0 
BIT 2.C 
BIT 2,D 
BIT 2.E 


CB54 

■ •- - •- 1 ■ ' 

BIT 2.fl 

CB55 

HIT 2, L 

CB56 

Bf r 2.(HL) 

CB57 

B'T 1 A 

CB08 

81 i 3,B 

C859 

BIT 3.C 

CB5A 

8 IT 3,D 

CB58 

BIT 3,E 

CB5C 

B( r 3.H 

CB50 

Bl 3,1 

CB5E 

BIT 3.1 ’ L) 

CB5F 

BIT 3. 

CB60 

BIT 4 

CB61 

8H 

CB62 

Bl 1 , 0 

CB63 

Bl , E 

CB64 

Bl 1 4,1-1 

CBG5 

Bl T 4.L 

CB66 

BIT 4,(HL1 I; 

CB67 

BIT 4, A 

CBG8 

BIT 5,8 

i CBG9 

BIT 5.C 

CBGA 

BIT 5,0 

CB6B 

BIT 5,E 

CB6C 

BI T 5, H 

CB60 

BIT 5,L 

CB6E 

BIT 5,(HL1 

CR6F 

BIT 5, A 

CB70 

BIT 6,0 

C.B71 

BIT 6,C 

CB72 

BIT 6.D 

CB73 

BIT 6.E ! 

CB74 

BIT 6.H 

CB75 

BIT 6.L 

CB76 

BIT 6,(HL) 

CB7 7 

BIT 6, A 

CB78 

BIT 7,B 

CB79 

BIT 7.C 

CB7 A 

BIT 7,0 

CB7B 

BIT 7, E 

CB7C 

BIT 7,H 

CB7D 

BIT 7.L 

CB7E 

BIT 7JHU 

C87F 

BIT 7, A 

CB80 

RES 0,B 

CB81 

RES O.C 

| CB82 

RES 0,D 

1 CB83 

RES O.E 


CBB3 

InaMnnas 


:£73SW 

RTS 031 
R E$ 0,L 
RES 0,(HL) 
RES 0, A 
RES 1 ,B 
RES l.C 
RES 1,0 
RES 1,E 
RES 1,H 
RES 1 , L 
RES l.fHL) 
RES 1 , A 
RES 2,0 
RES 2,C 
RES 2,0 
RES 2,E 
RES 2.H 
RES 2, L 
RES 2,{HLI 
RES 2. A 
RES 3.B 
RES 3,C 
RES 3,0 
RES 3,E 
RES 3,11 
RES 3,L 
RES 3,(HL) 
RES 3, A 
RES 4,B 
RES 4,C 
RES 4,0 
RES 4,E 
RES 4,H 
RES 4,L 
RES 4, (HU 
RES 4, A 
RES S.B 
RES 5,C 
RES 5,0 
RES 5,£ 

RES 5.H 
RES 5,L 
RES 5j[HL> 
RES 5, A 
RES 6.B 
RES 6,C 
RES 6,0 
RES 6.E 
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CBB4 

J RES 6,1 ; 

1 C8E4 

SET 4,H 

i 

007205 

Tm—ill II » 1 ■ ~l~l — TTTT 

LD UX+d),D 

COBS 

RES 6,1. 

:bes 

SET 4. L 


DD7305 

LD (IX +d},E 

CQB6 

RES 6.IHU 

L» CBE 6 

SET 4.(HL) 


DD7405 

LD (lX+d),H 

CBtr/ 

RES 6, A 

1 CBE 7 

SET 4 , A 


DD7505 

LD" ( 1 X+df,L 

CB88 

RES 7.0 


\ CBE8 

SET 5,8 


DD7705 

LD (IX+d).A 

C8B9 

RES 7.C 

CGE9 

SET 5,C 


DD7E05 

LD A,tl X+d) 

COB A 

RES 7 n 

CBE A 

SET 5,0 


DD8605 

ADD A,(IX+d> 

CBBB 

RES 7. . 


1 CBE B 

SET 5,E 


OD8E05 

ADC A,(1X+d) 

C8BC 

RES 7,H 

, 

CBFC 

SET 5,H 


D 09605 

SUB (1 X+d) 

C8B0 

RES 7.1 

; 

CBEO 

SET 5,L 


DO9E05 

SBC A,(1 X+d) 

COBE 

RES 7. (111.. 


] CBEE 

SET 5,(HL) 


DDA605 

AND (IX + d) 

COB r 

RES 7, A 

i 

CUE F 

SET 5,A 


DDAE05 

XOR <JX+d) 

CBCO 

SET O.B 


CBEO 

SET 6,8 


DDB605 

OR (IX+d) 

CBC1 

SET O.C 


CBF1 

SET 6,C 


DD8E05 

CP (IX+d) 

CBC2 

SET 0,0 


CBF2 

SET 6,0 


DDE1 

POP IX 

CBC3 

SET O.E 


CBF3 

SET 6,E 


DDE 3 

EX ($P),IX 

CBC4 

SET O.H 


C8F4 

SET 6,H 


DDES 

PUSH IX 

CBC5 

SET O.L 


CBF5 

SET 6,L 


DDE9 

JP (1X1 

CBC6 

SET O.IHI.) 


CBF6 

SET 6,(HL) 


DDF9 

LD SP,IX 

CBC7 

SET 0,A 


CBF7 

SET 6, A 


DDCB0506 

RLC (1 X + d] 

CBCO 

SET 1,0 


CBF8 

SET 7,B 


DDCB050E 

RRC (IX ♦d) 

CSC9 

SET 1,C 


GBF9 

SET 7,C 


DDCB0516 

RL (IX+d) 

CBCA 

SET 1,D 


CBF A 

SET 7,D 


DDCB051 E 

RR (IX + d) . 

C6CB 

SET 1,E 


CBFB 

SET 7,E 


ODCB0526 

SLA (IX + d) 

CBCC 

SET 1.H 


CBFC 

SET 7,H 


DDCB052E 

SRA (IX+d) 

CBCD 

SET 1,1 


CBFD 

SET 7,L 


OOCB053E 

SRL f 1 X + d) 

CBCE 

SET 1,(HL! 


CBFE 

SET 7,(HL) 


DDCB0546 

BIT O.OX+dl 

CBCF 

SET 1 , A 


CBFF 

SET 7, A 


DDCB054E 

BIT 1 ,(l X +d) 

CBDO 

SET 2,B 


OD09 

ADD IX, BC 


DDC80556 

BIT 2, (IX+d) 

CBD1 

SET 2,C 


DD1 9 

ADD IX, DE 


DDCB055E 

BIT 3.(1 X *d) 

CBD2 

SET 2,D 


DD218405 

LD IX, WN 


DDCB0566 

BIT 4,(1 X+d) 

CBD3 

SE T 2,E 


OD228405 

LO (NN).IX 


DDCB056E 

BIT 5,(IX+d) 

CBD4 

SET 2,H 


0023 

INC IX 


DDCB0576 

BIT 6,()Xfd) 

CBD5 

SET 2, L 


OD29 

ADD IX, IX 


DDCB057E 

BIT 7,(IX+d) 

CBD6 

SET 2,(HL 1 


DD2A8405 

LD IX. (NN) 


DDCB0586 

RES 0,(1 X + d) 

CBD7 

SET 2.A 


0D2B 

DEC IX 


DDCB058E 

RES 1 , 1 1 X +d) 

CBD8 

SET 3,B 


DCT3405 

INC 6x+d) 


DDCB0596 

RES 2,(1 X+d) 

SBD9 

SET 3,C 


DD$\05 

DEC UX+d) 


DDCB059E 

RES 3,(IX+d) 

CBDA 

SET 3,D 


DD360520 

LD (lX+d),N 


DDCB05A6 

RES 4.(1 X + d) 

CBDB 

SET 3,E 


DD39 

ADD IX,SP 


DOCB05AE 

RES 5,llX + d) 

CBDC 

SET 3,H 


DD4605 

LO B.IIX+d) 


ODCB05B6 

RES 6JIX*d) 

CBDD 

SET 3,L 


004605 

LD C,(IX+d) 


DDCB05BE 

RES 7,(IX + d) 

CBDE 

SET 3,(HL) 


DD5605 

LD D.(IX+d) 


DDCB05C6 

SET 0,(1 X + 

CBDF 

SET 3, A 


DO5E05 

LD E,(l X+d) 


DDCB05CE 

SET 1,(IX + d) 

CBEO 

SET 4,B 


DD6605 

LD H,(IX+d) 


DDCB05D6 

SET 2,(1 X + d) 

CBE 1 

SET 4,C 


DD6E05 

LD, L,(l X+d) 


DDCB05DE 

SET 3,(IX +d) 

CBE2 

SET 4,0 


007005 

LD (1 X+d),B 


DDCB05E6 

SET 4, (1 X *d) 

CBE3 

■anna 

SET 4,E 

1 

DD7105 

LD (!X+d),C 

? 

DDCB05E E 

SET 5, ( 1 X ♦ d > 


0-29 



EDBO 

LDIR 

EDB1 

CPIR 

EDB2 

INIR 

EDB3 

OTIR 

ED88 

LDDR 

EDB9 

CPDR 

E DBA 

INDR 

EDBB 

OTDR 

FD09 

ADD 1 Y,BC 

FD1 9 

AODJ Y,DE 

FD218405 

LD IY.NN 

FD228405 

LD (NNIJY 

FD23 

INC IY 

FD29 

ADO IY.IY 

FD2A8405 

LD IYJNN) 

FD2B 

DEC IY 

FD3405 

INC IIY+d) 

FD3505 

DEC 0 Y+d) 

FD360520 

LD (IY+d).N 

FD39 

ADD IY.SP 

FD4605 

LD B,(l Y + d) 1 

FD4E05 

LD C.(lY*d) 

FO5G05 

LD D ( < 1 V ■+ d ) 

FD5E05 

LD E ,(l Y *d) 

g FD6605 

LD H,(l Y+d) 

FD6E0S 

LD L,(IY*d> 

FD7005 

LD 0 Y + d) ,B 

FD7105 

LD (1 Y + d ) ,C 

FD7205 

LD (1 Y+d),D 

F07305 

LD (IY+d),E 

FD7405 

LD (1 Y+d),H 

FD7505 

LD (1 Y *d),L 

FD7705 

LD (IY+d),A 

FD7E05 

LD A,{IY+d> 

FD8605 

ADD A.IlY+d) 

FD8E05 

ADC A,(l Y +d) 

FD9605 

SUB (1 Y+d) 

FD9E05 

SBC A.IlY + d) 

FDA605 

AND UY+d] 

FDAE05 

XOR (IY+d) 

1 FDB605 

OR (IY + d) 

FOBE05 

CP (i Y+d) 

B FDE1 

POP IY 

B FDE 3 

Exl$P) ( l Y 

1 FDE5 

PUSH IY 1 

1 FDE9 

JP(IY) 1 

1 FDF9 

LDSPJY 

B f DCB0506 R1_C (IY+d) H 


FDCB050E 

RRC (1 Y+d) 

FDCB0516 

RL (lY+d) 

FDCB051E 

RR (1 Y+d) 

FDCB0526 

SLA UY+d) 

FDCB052E 

SRA (1 Y+d) 

FDCB053E 

SRL (1 Y+d) 

FDCB0546 

BIT 0,(1 Y+d) 

FDCB0S4E 

BIT 1,(1 Y+d) 

FDCB0556 

BIT 2,(1 Y+d) 

FDCB055E 

BIT 3,(lY + d) 

FDCBOB66 

BIT 4, (IY+d) 

FDCB066E 

BIT 5,(1 Y+d) 

FDCB0576 

BIT 6,(IY+d) 

FDCB057E 

BIT 7,(1 Y+d) 

FDCB0586 

RES 0,(lY+d) 

FDCB058E 

RES 1,(IY+d) 

FDCB0596 

RES 2,(1 Y+d) 

FDCB059E 

RES 3,(1 Y+d) 

FDCB05A6 

RES 4.(IY +d) 

FDCB05AE 

RES 5.(1 Y rd) 

FDCB05B6 

RES 6.(1 Y +H) § 

F.DCB05BE 

RES 7,(1 Y+d) 

FDC805C6 

SET 0,(1 Y+d) 

FDCB05CE 

SET 1 ,(l Y+d) 

FDCB05D6 

SET 2,(1 Y + d) 1 

FDCB05DE 

SET 3,(1 Y+d) 

FDCB05E6 

SET 4.(IY + d) 1 

FDCB05E E 

SET 5,(1 Y+d) 

FDCB0SF6 

SET 6,(1 Y+dl 

FDC805FE 

SET 7,(1 Y+d) 


Z80-CPU 
INSTRUCTIONS 
SORTED BY 
MNEMONIC 


[l OBJ 

SOURCE 

1 CODE 

STATEMENT 

I 8E 

ADC A.(HL) 

1 DD8E05 

ADC A,[l X + d) 

B FD8E05 

ADC A.M Y + d) 

1 8F 

ADC A. A 



88 

ADC A,B 


CB47 

89 

ADC A,C 


CB40 

8A 

ADC A,D 


CB4 1 

86 

ADC A,E 


CB42 

8C 

ADC A,H 


CB43 

80 

ADC A,L 


CB44 

1 CE20 

ADC A,N 


CB45 

ED4A 

ADC HL.BC 


CB4E 

ED5A 

ADC HL,DE 


DDCB054E 

ED6A 

ADC HL,HL 


FDCB054E 

ED7A 

ADC HL,$P 


CB4F 

86 

ADO A.(HL) 


BC48 

DD8605 

ADO A.OX+d) 


CB49 

FD8605 

ADD A.IlY+dl 


CB4A 

87 

ADD A, A 


CB4B 

80 

ADD A.B 


CB4C 

81 

ADD A,C 


CB40 

82 

ADD A,D 


CB56 

83 

ADD A,E 


DDCB0556 

84 

ADO A,H 


FDCB0556 

85 

ADO A,L 


CB57 

C620 

ADD A,N 


CB50 

09 

ADD HL,BC 


CB51 

19 

ADD HL,DE 


CB52 

29 

ADD HL,HL 


CB53 

39 

ADD HL,SP 


CB54 

DD09 

ADD IX.BC 


CB55 

DD19 

ADD IX,DE 


CB5E 

DD29 

ADD IX, IX 


DDCB055E 

DD39 

ADD IX,SP 


FDCB055E 

FD09 

ADD t Y.BC 


CB5F 

FD19 

ADD 1 Y,DE 


CB58 

| FD29 

ADD IYJY 


CB59 

I FD39 

ADD 1 Y,SP 


C85A 

1 A6 

AND (HL) 


CB5B 

DDA605 

AND (IX+d) 


CB5C 

FDA605 > 

AND ( 1 Y +d ) 


CB5D 

A7 

AND A 


CB66 

AO 

AND B 


DDCB0566 

A1 

AND C 


FDCB0566 

A2 

AND D 


CB67 

A3 

AND E 


CB60 

A4 

AND H 


CB61 

A5 

AND L 


CB62 

E620 

AND N 


CB63 

CB46 

BlT0,(HL) 


CB64 

DOCB0546 

BIT 0,{IX+d) 


CB65 

F PC 00546 

BIT O.OY+d) 

1 

CB6E 


BIT 0,A 


DDCB056E 

bitsT^T* 

BIT 0,B 


FDCB056E 

BIT 5,(1 Y+d) 

BIT O.C 


CB6F 

BIT 5. A 

BIT 0,D 


CB68 

BIT 5,B 

BIT 0,E 


CB69 

BIT 5,C 

BIT 0,H 


CB6A 

BIT 5,0 

BIT 0 ( L 


CB6B 

BIT 5.E 

BIT 1 ,(HL) 


CB6C 

BIT 5,H 

BIT 1,(IX*d) 


CB6D 

BIT 5.L 

BIT l,UY+d) 


CB76 

BIT 6, (HU 

BIT 1.A 


DDCB0576 

BIT 6,(IX+d) 

BIT 1,B 


FDCB0576 

BIT 6,(1 Y+d) 

BIT 1,C 


CB77 

BIT 6, A | 

BIT 1.D 


CB70 

BIT 6,B 

BIT 1.E 


CB71 

BIT 6 f C 

BIT 1,H 


CB72 

BIT 6,D 

BIT 1.L 


CB73 

BIT 6 # E 

BIT 2,(HL) 


CB74 

BIT 6,H 

BIT 2,(IX+d) 


CB75 

BIT 6.L 

BIT 2,(1 Y+d) 


CB7E 

BIT 7JHL) 

BIT 2,A 


DDCB057E 

BIT 7,( IX+d) 

BIT 2!b 


FDCB057E 

BIT 7,0 Y+d) 

BIT 2,C 


CB7F 

BIT 7, A 

BIT 2,D 


CB78 

BIT 7,B 

BIT. 2,E 


CB79 

BIT 7,C 

BIT 2,H 


CB7A 

BIT 7,D 

BIT 2.L 


CB7B 

BIT 7,E 

BIT 3,(HL) 


CB7C 

BIT 7,H 

BIT 3,(1 X+d) 


CB7D 

BIT 7,L 

BIT 3,(1 Y+d) 


DC8405 

CALL C.NN 

BIT 3, A 


FC8405 

CALL M,NN 

BIT 3,B 


D48405 

CALL NC.NN 

BIT 3,C 


CD8405 

CALL NN 

BIT 3,D 


C48405 

CALL N2,NN 

BIT 3,£ 


F48405 

CALL P,NN 

BIT 3,H 


EC8405 

CALL PE.NN 

BIT 3,L 


E48405 

CALL PO,NN 

BIT 4.(HL1 


CC8405 

CALL Z,NN 

BIT 4,(IX+dl 


3F 

CCF 

BIT 4,(1 Y+d) 


BE 

CP (HL) 

BIT 4, A 


DDBE05 

CP (IX+d) 

BIT 4*B 


FDBE05 

CP (1 Y+d) 

BIT 4.C 


BF 

CP A 

BIT 4,0 


B8 

CP B 

BIT 4,E 


99 

CP C 

BIT 4,H 


BA 

CP D 

BIT 4,L 


BB 

CP E 

BIT 5. (HU 


BC 

CP H 
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i 80 

CP L 

Ft: 20 

CP N 

£ DAS 

CPO 

FOBS 

CPOR 

E DAI 

CPI 

E OB 1 

CPI R 

2 F 

CPL 

27 

DAA 

35 

DEC (ML) 

003505 

DEC (IX + d) 

FD3505 

DEC < 1 Y + d) 

3D 

DEC A 

05 

DEC 6 

OB 

DEC BC 

OD 

DEC C 

15 

DEC D 

IB 

DEC DE 

10 

DEC E 

25 

DEC H 

2B 

DEC HL 

DD2B 

DEC IX 

FD2B 

DEC IY 

2D 

DEC L 

3B 

OEC-SP 

| F3 

Dl 

102F 

DJNZ Dl S 

EB 

a 

E3 

EX- ISP) ( HL 

DDE3 

’ EX ISPIJX 

FDE3 

EX (SP) ( I Y 

08 

EX AF.AF' 

EB 

EX DE.HL 

09 

EXX 

76 

HALT 

ED46 

1 M 0 

ED56 

IM 1 

E05E 

IM 2 

ED78 

IN A,(C) 

■ 0B20 

IN A,( N \ 

1 EO40 

IN B,(C) 

j £043 

IN C,(C) 

| EDSO 

IN D,(C) 

I E058 

IN E,IC) 

1 etoeo 

IN H ( { C ) 

E 068 

IN L.(C) 

| 34 

INC (HL) 

I DD 3405 

INC llX*dl 

1 FO3405 

INC < 1 Y ■* d > 


hhhbhhhbhhbhIhb 




; 3C 

INC A 

m 

INC B 

03 

INC BC 

oc 

INC C 

14 

INC D 

13 

INC DE 

1C 

INC E 

24 

INC H 

23 

PNC HL 

DD23 

INC IX 

FD23 

INC IY 

2C 

INC L 

33 

INC $P 

EOAA 

IND 

EDBA 

INDR 

EDA2 

INI 

£082 

INI R 

; E 9 

JP {HL) 

DDES 

JP (IX) 

FDE9 

JP (IY) 

0 A8405 

JP C.NN 

FA8405 

JP N),NN 

028405 

JP NC.NN 

C38405 

JP NN 

C28405 

JP NZ,NN 

F28405 

JP P,NN 

EA8405 

JP PE ,NN 

E28405 

JP PO.NN 

CA8405 

JP Z.NN 

3826 

JR 0,018 

1 82 E 

.JR DIS 

302E 

JR NC,DIS 

?02E 

JR N2, DIS 

2826 

JR Z,DIS 

02 

LO 160, A 

12 

LD (0£),A 

77 

LD (HU. A 

70 

LD { l-IU.B 

71 

LD (HL).C 

72 

LD (HU,0 

73 

LD (HL).E 

74 

LD (HL),H 

75 

LD (HLJ.L 

3620 

LD (HL).N 

DD 7705 

LD (IX+dl.A 

D07005 

LD (IX+dJ.B 

DD7105 

LD (IXtd).C 

DD7205 

LD HX+dJ.P 

SBBHHKBHfflBB 

mhbbhhmbbhhhrm 


DD / 305 

LOdXW I 

DD7405 

LD II X < dl.H | 

OD7505 

LD (IX *d) ,L 

DD360520 

LO llX+d).N 

FD7705 

LD ( 1 Y + cl 1 . A 

F 07005 

LO (IYidl.9 

FD7105 

LO(IY*d|,C 

FD7205 

LO livmi.o 

FD730S 

LO ll Y*d).L 

FD7405 

LD ( l Y >-d),H 

F 07505 

LO II Y H d),L 

FD360520 

LO ( 1 Y + cl 1 , IM 

328405 

LO (NW).A 

ED438405 

LD IIMNI.BC 

ED538405 

LO (NN).DE 

220405 

LO INN). ML 

DD2 28405 

10 (NW).IX 

FD228405 

LO (NN),I Y 

ED738405 

LD <NN),SP 

OA 

LD A.mc) 

1 A 

LO A, IDE) 

7 E 

I.D A. (I IU 

DD7E05 

LD A.IIX'dl 

FD7E05 ' 

LD A.II Ynl) 

3A8405 

LD A. INN) 

7F 

LD A, A 

78 

LD A.B 

79 

LD A.C 

7A 

LD A.D 

78 

LD A.E 

7C 

LD A.H 

ED57 

LD A.I 

7D 

LO A,L 

3E20 

LD A,N 

46 

LD B.IHL) 

DD4605 

LD B.ll X-*d) 

FD4605 

LD e,(IY*cf) 

47 

LO B A 

40 

LD B.B 

41 

LD B,C 

42 

LD 0,0 

43 

LD B.E 

44 

LD B.H.NN 

45 

LD B.L 

0620 

LD B,N 

ED4B8405 

LD BC.INN) 

018405 

LD BC.NN 

4T 

LD C (HI ) 
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OD4E05 

LD C,(IX+d) 

FD4E05 

LD C,U Y«-d) 

4F 

LD C.A 

48 

LD C,B 

49 

LD C,C 

4 A 

LD C,D 

4B 

LD C,E 

4C 

LD C.H 

40 

LD C,L 

OE20 

LD C,N 

56 

LD D ( (HL) 

OD5605 

LD D,(IX + d) 

FD5605 

LD D.IIY + d) 

57 

LD D.A 

50 

LD D,B 

51 

LD D,C 

52 

LD D,0 

53 

LD D.E 

54 

LD D,H 

55 

LD O.L 

1620 

LD D.N 

ED5B8405 

LD DE.INNI 

118405 

LD,Cl£,NI\J 

5E 

LD E.(HL) 

DD5E05 

LD E,{l X *d) 

FD5E05 

LD EJfY+d), 

5F 

LO E,A 

58 

LD E,B 

59 

LD E.C 

5A 

LD E.D 

SB 

LD E.E 

5C 

LD E,H 

50 

LD E,L 

IE 20 

LD E,N 

66 

LD HJ HL) 

DD6605 

LD H,(lX+d) 

FD6605 

LD H,(l Y+d) 

67 

LD H,A 

60 

LD H.B 

61 

LD H,C 

62 

LO H,D 

63 

LD H,E 

64 

LD H,H 

65 

LD H,L 

2620 

LD H,M 

2A8405 

LD HL.INN) 

218405 

LD HL.NN 

ED47 

LD l-A 


DD2A8405 

LD 1X,(NN) 

OD218405 

LD IX, NN 

FD2A8405 

LD IY,(NIM) 

FD218405 

LD IY,NN 

6E 

LD L,(HL) 

DD6E05 

LO L,(IX+d) 

FD6E05 

LD L,(IY*d) 

6F 

LD L.A 

68 

LD L.B 

69 

LD L.C 

6A 

LD L.D 

6B 

LD L.E 

6C 

LD L.H 

6D 

LD L.L 

2E20 

LD L.N 

ED7B8405 

LD SP.INN) 

F9 

LD SP.HL 

DDF9 

LD SP.IX 

FDF9 

LD SP.IY 

318405 

LD SP.NN 

EDA8 

LDD 

EDB8 

LDDR 

EDAO 

LDI 

EDBO 

LOIR 

ED44 

NEG 

00 

NOP 

B6 

OR (HL) 

DDB605 

OR (IX+d) 

FDB605 

OR (1 Y+d) 

87 

OR A 

BO 

OR B 

B1 

OR C 

B2 

OR D 

83 

OR E 

B4 

OR H 

BS 

OR L 

F620 

OR N 

EDBB 

OTDR 

EDB3 

OYIR 

ED79 

OUT (C),A 

ED41 

OUT (C).B 

ED49 

OUT (CI.C 

ED51 

OUT (C).D 

ED59 

OUT (C),E 

ED61 

OUT (C),H 

ED69 

OUT (C),L. 

D320 

OUT (N),A 

EDAB 

OUTD 


EDA3 

FI 

Cl 

01 

El 

DDE 1 
FDE 1 
F5 
C 5 
D5 
E5 

DDE5 

FDE5 

C886 

ODCB0586 

FDCB0586 

CB87 

CB80 

CB81 

CB82 

CB83 

CB84 

CB85 

CB8E 

DDCB058E 

FDCB058E 

CB8F 

CB88 

CB89 

CB8A 

CB8B 

CB8C 

CB8D 

CB96 

DDCB0596 

FDCB0596 

CB97 

CB90 

CB91 

CB92 

CB93 

CB94‘ 

CB95 

CB9E 

DDCB059E 

FDCB059E 

CB9F 

CB98 


OUT! 

POP AF 
POP BC 
POP DE 
POP HL 
POP IX 
POP IY 
PUSH AF 
PUSH BC 
PUSH OE 
PUSH HL 
PUSH IX 
PUSH IY 
RESO.fHL) 
RES 0,(IX+d) 
RES O.f I Y+d) 
RESO.A 
RES 0,B 
RES 0,C 
RES 0,0 
RES 0,E 
RESO.H 
RES O.L 
RES 1.IHU 
RES 1JIX*d) 
RES.I ,(t Y±d) 
RES 1, A 
RES 1,8 
RES 1.C 
RES 1 ,D 
RES 1 , E. 

RES 1.H 
RFS 1,L 
RES 2,(HL) 
RES 2,(IX+'d> 
RES 2,0 Y ^d) 
RES 2, A 
RES 2.B 
RES 2,C 
RES 2,D 
RES 2,E 
RES 2,H 
RES 2.L 
RES 3JHU 
RES 3,(IX+d) 
RES 3,11 Y »d) 
RES 3. A 
RES 3,B 
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CB99 

RES 3,C 


DO 

RET NC 


CBOA 

RRC D 

CB9A 

RES 3,0 


CO 

RET NZ 


CBOB 

RRC E 

C898 

RES 3 ( E 


FO 

R£T P 


CBOC 

RRC H 

CB9C 

RES 3,H 


68 

RET PE 


CBOD 

RRC L 

CB9D 

RES 3,L 


60 

RET PO 


OF 

RRCA 

CBA6 

RES 4.(HL) 


C8 

RET Z 


ED67 

RRD 

DDCB05A6 

RES 4, (IX+d) 


ED4D 

RETI 


C7 

RSTO 

f DCB05A6 

RES 4,(IY+d) 


ED45 

RETN 


07 

RST 10H 

CBA7 

RES4.A 


CB16 

RL (HU) 


OF 

RST 18H 

CBAO 

RES 4,B 


DDCB051 6 

RL (IX+d) 


E7 

RST 20H 

CBA1 

RES 4,C 


FDCB0516 

RL ( l Y + d ) 


EF 

RST 28 H 

CBA2 

RES 4,D 


CB17 

RL A 


F7 

RST 30H 

CBA3 

RES 4,E 


CB10 

RL B 


FF 

RST 38H 

CBA4 

RES 4,H 


CB1 1 

RL C 


CF 

RST 8 

CBA5 

RES 4,L 


CB12 

RL D 


9E 

SBC A,(HL] 

CBAE 

RES 5,(HL) 


C613 

RL E 


DD9E05 

SBC A,(IX+d) 

DDCB05AE 

RES 5,(|X+d) 


CB14 

RL H 


FD9E06 

SBC A.tlY+d) 

FDCB05AE 

RES b,(l Y+d) 


CB15 

RL L 


9F 

SBC A,A 

CBAE 

RES 5, A 


17 

RLA 


98 

SBC A,B 

CBA8 

RES 5,6 


CB06 

RLC (HL) 


99 

SBC A,C 

CBA9 

RES 5,C 


DDCB0S06 

RLC UX+d) 


9A 

SBC A,0 

CBAA 

RES5.D 


FDCB0506 

RLC ( 1 Y + d) 


9B 

SBC A,E 

CBAB 

RES 5,E 


CB07 

RLC A 


9C 

SBC A,H 

CB AC 

RES 5.H 


CBOO 

RLC B 


9D 

SBC A,L 

CBAD 

RES 5,1. 


CB01 

RLC C 


DE20 

SBC A,N 

CBB6 

RES 6. (Hi.) 


CB02 

RLC D 


ED42 

SBC HL.BC 

ODCB05B6 

RES 6,(IX+dl 


CB03 

RLC E 


ED52 

SBC HL,DE 

FDC0O5B6 

RES 6,'IYtd) 


CB04 

HLC h 


ED62 

SBC HL,HL 

CBB7 

RES 6, A 


CB05 

RLC L 


E072 

SBC HL.SP 

CBBO 

RES 6.B 


07 

RLCA 


37 

SCF 

CBB1 

RES 6.C 


ED6F 

RLD - 


CBC6 

SET O.(HL) 

CBB2 

RES 6,D 


CB1E 

RR (HU 


DDCB05C6 

SET 0,(IX+d) 

CB83 

RES6.E 


DDCB051E 

RR (IX+d) 


FDCB05C6 

SET 0,(IY+d) 

CBB4 

RES 6.H 


FDCB051 E 

RR (1 Y+d) 


CBC7 

SET 0,A 

CBB5 

RES 6,L 


CB1F 

RR A 


CBCO 

SET 0,B 

CBBE 

RES 7.IHL) 


CB18 

RR B 


CBC1 

SET 0,C 

DDCB05BE 

RES 7,(IX+d) 


CB19 

RR C 


CBC2 

SET 0,0 

F0C805BE 

RES 7,(1 Y+d) 


CB1 A 

RR D 


CBC3 

SET 0,E 

CBBF 

RES 7, A 


CB1B 

RR E 


CBC4 

SET 0,H 

CBB8 

RES 7,6 


CB1C 

RR H 


CBC5 

SET 0,L 

CBB9 

RES 7,C 


CB1D 

RR L 


CBCE 

SET 1 r ( H L ) 

CBBA 

RES 7.D 


IF 

RRA 


DDCB05CE 

SET 1,(1X+d) 

CBBB 

RES 7,E 


Cbof 

RRC (HL) 


FDC805CE 

SET 1,(1 Y+d) 

CBBC 

RES 7,H 


DDCB050E 

RRC (IX+d) 


CBCF 

SET 1.A 

C0BD 

RES 7,L 


FDCB050E 

RRC (1 Y+d) 


CBC8 

SET 1 ,B 

C9 

RET 


CBOF 

RRC A 

CBC9 

SET 1,C 

D8 

RET C 


CB08 

RRC B 

1 CBCA 

SET 1,0 

F8 

RET M 


CB09 

RRC C 

| CBCB 

SET 1,E 
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g CBCC 

SET 1,H 

9 CBCO 

SET 1,L 

CBD6 

SET 2.IHL) 

1 ODCB05D6 

SET 2,(IX + d> 

FDCB05D6 

SET 2.(1 Y + d) 

CBD7 

SET 2. A 

CBDO 

SET 2,B 

CBD1 

SET 2,C 

CBD2 

SET 2,0 

CBD3 

SET 2.E 

CBD4 

SET 2,H 

CB05 

SET 2,L 

l CB08 

SET 3.B 

j CBDE 

SET 3,(HU 

1 DDCB05DE 

SET 3,(IX+d) 

FDCQ05DE 

SET 3,(1 Y+d) 

CBDF 

SET 3, A 

CBD9 

SET 3,C 

CBDA 

SET 3,0 1 

CBDB 

SET 3,E 

CBOC 

SET 3,H 

CBOD 

SET 3,L 

C8E6 

SET 4,(HL) 

DDCB05E6 

SET 4,MX + d) 

FDCB05E6 

SET 4,(IYfd) 

CBE7 

SET 4, A ^ 

CBEO 

SET 4,8 

CBE 1 

SET 4.C 

g CBE 2 

SET 4,0 

CBE3 

SET 4,E 

CBE4 

SET 4>l 

CBE5 

SET 4,L 

g CBEE 

SET 5,(HL) 

I DDCB05EE 

SET 5,MX+d) 

FDCB05EE 

SET 5,(1 Y +d) 

CBE F 

SET 5, A 

CBE8 

SET 5,B 

CBE9 

SET 5,C 

CBEA 

SET 5,0 

CQEB 

SET 5,E 

CBEC 

SET 5,H 

CBEO 

SET 5,L 

CBF6 

SET 6JHL) 

ODCB05F6 

SET 6,(IX+d) 

FDCB05F6 

SET 6.(IYfd) 

CBF7 

SET 6,A I 

CBFO 

SET 6 f B g 

CBF1 

SET 6,C 1 

kamenpaoHnna 

MMHMnvMmnm 


CBF2 

CBF3 

C0F4 

C8F5 

C8FE 

DDCB05PE 

FDC805F 6 

CBFF 

CBF8 

CBF9 

CBF A 

CBFB 

CBFC 

CBF D 

CB26 

DDCB0526 

FDCB0526 

C827 

CB20 

CB21 

CB22 

CB23 

CB24 

CB25 

CB2E 

DDCB052E 
. FDCB052E 
CB2F 
CB28 
C829 
CB2A 
CB2B 
CB2C 
CB2D 
CB3E 

DDCB053E 

FDCB053E 

CB3F 

CB38 

C039 

CB3A 

CB3B 

CB3C 

CB3D 

96 

OD9605 

FD9605 

97 


SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SR A 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRL. 
SRL 
SRL 
SRL 
SRL 
SRL 
SRL 
SRL 
SRL 
SRL 
SUB 
SUB 
SUB 
SUB 


•miMi nra 
6.0 
6.E 
6.M 

6. L 

7, {HD 
7,[fX*rt) 
7.i\Y*d) 

7, A 

7 B 
7,C 
7.0 
7.E 
7,H 

U 

(MU 
<IX+d) 
<IY*d) 

A 
B 
C 
0 
E 
H 
L 

(HL) 

(fX*d) 

(IY + d) 

A 
B 
C 
0 
E 
H 
L 

(HL) 

(IX>d) 

(lY + d) 

A 

8 
C 
D 
E 
H 
L 

(ML) 

(IX*d) 

(I Y ♦ d) 

A 


90 

SUB B 

91 

SUB C 

92 

SUB D 

93 

SUB E 

94' 

SUB H 

95 

SUB L 

D620 

SUB N 

AE 

XOR (HL) 

ODAE05 

XOR (IX+dl 

FDAE05 

XOR (1 Y >d) 

AF 

XOR A 

Ad 

XOR 8 

A9 

XOR C 

AA 

XOR 0 

AB 

XOR E 

AC 

XOR H 

AD 

XOR L 

£ 620 

XOR N 


Exarnple Values 

nn EQU 5R4H 
d EQU 5 
n EQU 20H 
e 30H 
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Z80 - CPU INTERRUPT STRUCTURE 


MASKABLE ((NT) 

Mode 0 

Race imtruciton onto Data But during INTA = Ml • IORQ Irk* 8 0130 A 
Mode 1 

Restart fo 3B H or 56,0 1'RST 5B'I 
Mode 2 

Used by 260 Peripheral! 



NON MASKABLE (NMO 

Restart to 66^ or 0 
INTERRUPT ENABLE/DISABLE FLIP-FLOPS 
Action 
CPU Reset 
Ol 
El 

LD A; I 
LO A, R 
Accept NMl 
RETN 

Accept TnT 
HETI 


I register 

8-bit Vector from 

contents 

Peripheral 


IFF, IFF 2 
0 0 

0 0 

l 1 

• • IFFj 

• • IFF ^ 

0 IFF, fW t 

iff 2 • iff 2 

0 0 


* Parity flag 
- Parity fltg 
-JFFj 

* IFF, 


indicates flo char*# 






PIG PROGRAMMING SU' 


REGISTER SELECTION 


SELECT LIMES 


C/O 

0 

0 

1 

LOAD INTERRUPT VECTOR 
07 


R/A_ 

0 

I 

0 

I 


REGISTER SELECTEO 


A Data 
B Dam 
A Control 
0 Control 


V7 


V 6 


V5 


V4 


V3 


V 2 


m 


SET OPERATING MODE 
1)7 


00 

0 

00 


Ml 


MO 

Mode Numbe r 
0 
1 
2 
3 


t 1 


Ml 

0 

0 

t 

1 


MO. 

0 

1 

0 

1 


t 

Modg 
. Output 
Input 

Bidirectional 
Bit Control 


If Mode 3 islecied. She naxt control word \i 
07 


r/07 

l/0 6 

1/05 

I/O* 

l/0 3 

I/O2 

I/O! 


00 


l/0 0 


I/O “ 1 Sett bit to Input 


I/O e 0 Sou bit to Output 


SET INTERRUPT CGfJIROL 


07 DO 


Ini 

Enable 

AND/ 

OR 

High/ 

Low 

Mask 

Follow 

0 

1 

1 

1 - 


In Mode 3 if Mask follows s 1> 
07 

the next control v.ord it 


OO 


MB 7 

MB S 

MB 5 

P 4 

mb 3 

MB 2 

MB) 

MBO 


MB - 0 Monitor the bit 


MB =■ 1 Majk tliu bit 


ENABLE / DISABLE INTERRUPTS 


Int 








Enable 

X 

X 

X 

0 

1 

0 

t 

1 


Control Register 


Control Register 


Control Register 


Control Register 


Contiol Rentier 


Control ftegiMflf 








3.0 CTC PIN DESCRIPTION 


CPU 

DATA BUS 


CTC 

CONTROL 


INTERRUPT 

CONTROL 


l 

f 


i 

i 


Do 

>1 




O.AI 


21 



c«o- 






am p i< u 
ewssn 

10 


rotra- 

wj- 

RC5ET- 


17. 





IWT- 


12 


INT ENABLE 13. 
IN 

INT ENABLE .JLL 
OUT 


ZBO-CTC 

Z80A-CTC 


CLK/TRQ^ 
fl 


a 21 

9 


* 2C/TO) 

-«LK/rn 
» 2C/T0 2 


20 

* £i — CLK/ 


CHANNEt 

SIGNALS' 


FIGURE 3.0-1 

CTC PIN CONFIGURATION 
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CTC PROGRAMMING SUMMARY 


REGISTER SELECTION 


SELECT LINES 
CSj CSq 

CHANNEL SELECTED 

PRIORITY 

0 0 

0 

Highest 

0 1 

1 


1 0 

2 


1 1 

3 

Lowest 


READ = DOWN COUNTER WRITE - CONTROL REGISTER 


LOAD INTERRUPT VECTOR 

CSo- CSi " 0 
D7 


v? 

Vb 


V4 

V3 

X 


DO 


Control 

Register 


XX is the binary epoivaleni of interrupting channel number 


SET OPERATING MOOE 


Timei Mode only 


07 


/ 

- — ^ 

v 



00 

Interrupt 

Enable 

Mode 

Range 

Slone 

Trigger 

Load Time 
Constant 

Reset 

1 

1 

Coonter/T imei 

1 

256716 

1 

♦v- 

1 

0 a/Off 





H Load Time Constant = 1 the next control word it the Time Constant: 



07 








tc 7 

TCp 

tc 5 

TC 4 

tc 3 

tc 2 

TCi 


Cooirol 

Regtiler 


DO 


T C 0 


CTC Channel interrupts when 01 h is decremented to OOh 
T ime Content (Decimal counts to interruot 

01h 1 


FF H 255 

00 H 256 


C-40 


APPENDIX D 


Reference Books: 

1. Z80 Assembly Language programming Manual. 

2. Intel Component Data Catalog. 

3. The TTL handbook. 
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